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FORE.WORP 

There  exiiti  et  the  preient  time  in  the  Chemical  Corps'  technictl  litera¬ 
ture  a  great  deal  of  uncertainty  concerning  the  properties  of  the  most  im¬ 
portant  war  gases.  This  uncertainty  has  resulted  from  the  fact  that  most  of 
the  dkta  that  are  now  available  have  never  been  collected  into  one  volume 
and  properly  collated  and  evaluated.  Since  such  properties  of  war  gases 
play  an  Important  role  in  many  aspects  of  chemical  warfare  research,  the 
need  for  a  standard  handbook  on  these  properties  exists. 

In  an  attempt  to  fulfill  such  a  need,  it  was  proposed  to  revise  the 
Chemical  Corps  Board  Study  36-48,  "Properties  of  War  Gases,”  dated  21 
March  I960,  with  the  object  of  gathering  the  most  rellablu  information 
available  on  the  subject.  Intentions  were  to  make  the  study  at  compre¬ 
hensive  and  complete  at  possible.  In  order  to  accomplish  this  task,  a 
method  of  exhaustive  literature  research  had  bean  employed.  This  research 
was  begun  in  October  1062  and  was  continued  through  November  1064, 
compiling  protection  data  and  data  on  the  physloti  .  '  eh*'  'cal  properties 

of  the  agenti  included  in  this  study. 

The  toxicology  data  for  this  study  ware  supplied  by  CmlC  Medical 
Laboratories.  This  Information  was  requested  by  the  Chemical  Corps 
Board  in  a  letter  to  CmlC  Research  and  Engineering  Commandi  Letter, 
CMLEK-AMW,  Chemical  Corps  Board.  21  June  1064,  subjects  "Revision  of 
Chemical  Corps  Board  Study  36-4B." 

This  study  does  not  Include  the  data  on  the  physical  and  chemical 
properties  (categories  1  through  14)  for  the  mustard  agents.  The  data 
are  bMng  assembled  by  CmlC  Chemical  and  Radiological  Laboratories. 
Inforrhal  coordination  with  Dr.  Wardell,  Information  Group,  indicates 
that  their  report  on  the  properties  of  HD,  Q,  and  T  will  be  completed  in 
the  near  future:  however,  the  data  on  HQ,  HT,  HL,  L,  HN1,  and  HN3 
will  require  more  time. 

CmlC  Research  and  Engineering  Command  have  agreed  to  assume  the  respon¬ 
sibility  of  keeplrg  the  study  on  an  up-to-date  status. 
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INTRODUCTION 

A.  The  material  for  each  agent  hai  been  divided  Into  25  categories 
categoriei  are  ai  follows 

1.  Bibliography  of  Second  Sourcai  of  Information  on  the  Agent 

2.  Name,  Pormula,  Molecular  Weight 

3.  Physiological  Action,  Tactical  Uie,  Status  Runlan  Intereit 

4.  Phyilcal  State,  Melting  Point,  Bolling  Point 

6.  Liquid  Density 

6.  Solubility  In  Organic  Solvents 

7.  Solubility  In  Water 

8.  Hydrolysis 

9.  Effect  of  Heat  and  Blast 

10.  Stability  in  Storage,  Action  on  Metals 

11.  Latent  Heat  of  Vaporisation 

12.  Relative  Vapor  Density 

13.  Vapor  Pressure 

14.  Volatility  In  Atmospheric  Air 

15.  Odor  and  Median  Detectable  Concentration 

16.  Toxicity  by  Inhalation 

17.  Eye  Toxicity 

18.  Oral  Toxicity 

19.  Skin  Toxicity  and  Clothing  Penetration 

20.  Speed  of  Action 

21.  Detoxication  in  the  Body 
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22.  Medical  Protective  or  Pint  Aid  Meaiuret 

23.  Detection 

24.  Individual  Protection 
26.  Decontamination 

The  remainder  of  the  Introduction  coniliti,  In  effect,  of  26  Individual 
Introduction!  to  the  26  categorlei  outlined  In  paragraph  A,  above. 
Reader!  finding  themielvei  unfamiliar  with  tome  aspect  of  the  Inform¬ 
ation  given  In  any  category  In  the  body  of  the  report  ihould  refer  to 
the  correipondlng  category  In  the  Introduction  for  an  explanation. 
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Intro  -  1 


CATEGORY  1 


BIBLIOGRAPHY  OP  SECONDARY  SOURCES 
OF  INFORMATION  SIX  XU!  ASIA  I 

Category  1  of  each  agant  coniliti  of  a  list  of  report!  which  wore  found, 
during  tha  courta  of  literature  raiaarch,  to  he  recondary  lourcai  of 
Informat'on  dealing  exclusively  with  the  agent  (or  the  agent  and  a  group 
of  related  compound!)  and  containing  no  orlj^al  Inform  ttlon.  Many  of 
theie  report!  are  very  comprehemt ve  lummarlei  of  the  work  that  wai  done 
over  certain  periods  of  yean  on  the  agant,  They  are  given  In  category  I 
for  the  convenience  of  the  reader  who  may  deilre  Information  beyond  the 
scope  of  this  document. 
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Intro 


1.  All  agents  have  been  named  according  to  tha  tyitam  of  chemical 
nomenclature  that  wai  adopted  by  the  American  Chemical  Society 
In  1953. 

2.  Both  the  empirical  and  structural  formula)  of  each  agent  are  given. 
The  order  In  which  the  element)  arc  given  In  the  empirical  formula 
conforms  to  the  tyttem  used  In  the  formula  Indexes  of  Chemical 
Abstracts. 

3.  All  molecular  weights  have  been  calculated  to  two  decimal  placet 
using  the  set  of  International  atomic  weights  published  by  the 
American  Chemical  Society  In  1963. 
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CATEGORY  3 


PHYSIOLOGICAL  ACTION.  TACTICAL  USE.  STATUS. 

muiAJtt  mum 

The  Information  given  In  thli  category  for  oaoh  agant  li  by  no  maani 
complin,  Catagory  3  hai  boon  Included  In  thli  document  merely  to 
give  a  reader  who  ii  unfamiliar  with  war  gaiei  an  Idea  of  how  each 
agent  acti  upon  the  body,  how  It  may  be  uiad  In  chemloal  welfare,  and 
how  much  American  and  foreign  Intereit  there  li  In  the  agent  at  the 
preient  time.  Each  of  there  toplci  li  treated  In  ai  few  word*  ai 
poailble. 
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CATEGORY  4 


PHYSICAL  STATE,  MELTING  POINT.  BOILING  POINT 

1.  By  molting  point  (MP)  or  freezing  point  (FP)  In  this  document  Is  meant 
that  temperature  at  which  an  Infinitesimal  amount  of  the  solid  phase 
of  an  agent  Is  In  equilibrium  with  the  agent's  liquid  phase,  Theoreti¬ 
cally,  the  MP  and  PP  of  an  agent  are  the  tame  temperature,  In  practice, 
however,  the  two  may  differ  somewhat  depending  upon  the  method  em¬ 
ployed.  The  use  of  the  symbols  "MP"  or  "PP"  It  arbitrary.  "MP"  It 
generally  used  if  the  temperature  It  approached  from  below  (by  heating) 
and  "PP"  If  the  temperature  It  approached  from  above  (by  cooling).  The 
symbol  used  for  each  value  that  It  given  in  this  document  It  the  same  as 
the  symbol  used  by  the  Investigator  who  reported  the  value. 

E.  The.  triple  point  (TP)  of  a  compound  It  defined  at  the  temperature  at  which 
all  three  phases  of  the  compound  (solid,  liquid,  and  vapor)  are  In  equi¬ 
librium.  It  It  the  compound's  MP  (or  FP)  under  its  own  vapor  pressure. 

The  MP  discussed  In  paragraph  1  (above)  differs  from  the  TP  In  that  It  Is 
usually  determined  under  atmospheric  pressure.  Por  most  compounds  this 
difference  it  negligible,  however,  and,  except  in  very  precise  work,  the 
two  temperaturot  may  be  considered  the  tame.  The  vapor  pressure  that 
It  given  for  each  agent  at  its  TP  therefore  hat  been  calculated  using  the 
agent's  selected  MP. 

3.  By  boiling  point  (BP)  In  the  title  of  this  category  It  meant  the  agent's 
normal  boiling  point,  that  is  the  temperature  at  which  the  agent  exhibits 
700  mm  Hg  pressure.  Boiling  points  reported  at  reduced  pressures  are 
given  In  category  13. 

4.  In  calculating  the  BP's  of  those  agents  that  are  mixtures,  experimental 
vapor  pressure  data  have  been  used  whenever  such  data  were  available. 

In  any  case  where  experimental  data  ware  not  available,  the  agent  was 
assumed  to  obey  Raoult's  law  and  the  BP  was  calculated  accordingly. 
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CATEGORY  6 

LIQUID  DENSITY 

1.  The  word  "liquid"  li  uied  In  the  title  of  thli  category  merely  to  differ¬ 
entiate  the  category  from  category  12  which  li  entitled  "relative  vapor 
donilty".  Actually,  data  on  the  dentlty  of  rolldi  at  well  at  Uquldi  are 
given  In  thli  category,  Data  referring  to  the  solid  phase  of  an  agent 
have  been  marked  with  the  word  "solid"  In  parentheses. 

2.  Dentlty  data  for  each  agent  have  been  selected  et  the  following  temp¬ 
eratures:  -  40  0  F  (or  some  temperature  at  which  the  agent  It  solid  If  Its 
MP  It  above  -40°F),  32°,  08°,  and  10O°F.  These  temperatures  are  alto 
given  In  degrees  centrlgrade  In  the  body  of  the  report. 
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CATEGORY  8 


SOLUBILITY  IN  ORGANIC  SOLVENTS 

An  attempt  hai  been  made  to  gather  ai  much  Information  at  ponible  on  mix* 
turei  of  each  agent  with  other  lubitancet.  The  bibliography  of  thli  category 
for  each  agent,  therefore,  ti  made  up  not  only  of  report!  which  contain  iol* 
ublllty  data  on  the  agent  In  varloui  organic  lolventi  but  report!  which 
contain  data  of  any  kind  <MP,  denilty,  vapor  prenure,  at*.)  on  mixture! 
of  the  agent  ai  well. 
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CATEGORY  7 


SOLUBILITY  IN,  WATER 

1.  A  few  of  the  agents  covered  in  thii  document  ere  geiei  under  normal 
conditioni.  The  solubility  of  a  gas  In  a  liquid  is  greatly  dependent  upon 
pressure.  Solubility  data  for  gases  are  usually  given  in  terms  of  Bunsen 
or  Oswald  solubility  coefficients.  Definitions  of  these  two  quantities 

fol lo w. 

2.  Bunsen  coefficient  -  The  Bunsen  solubility  coefficient  for  a  gat  in  a 
given  solvent  it  defined  at  the  volume  of  the  gat  at  STP*  that  can  be 
dissolved  in  a  unit  volume  of  the  solvent  at  a  given  temperature  and 
pressure  (partial  pressure  of  the  gat).  The  symbol  that  it  usually  used 
to  designate  the  Bunsen  coefficient  it  a  small  Greek  sigma  (a). 

3.  Oswald  coefficient  -  The  Oswald  solubility  coefficient  for  a  gat  in  a 
given  solvent  is  defined  at  the  ratio  of  the  volume  of  absorbed  or 
dissolved  gat  io  the  volume  of  absorbing  liquid  (or  pure  solvent)  at  a 
given  temperature  when  the  gat  and  solvent  are  in  equilibrium.  It 
may  alto  be  defined  at  the  ratio  of  the  concentration  of  gat  in  solution 
(weight  per  unit  volume  of  pure  solvent)  to  the  concentration  of  gat 

in  the  vapor  phase  (weight  per  unit  volume  of  gas)  at  a  given  temper¬ 
ature  when  the  gat  and  solvent  are  in  equilibrium.  The  Oswald  coeffic¬ 
ient  it  usually  designated  by  ”L", 

L"vf  "  -TT 

where  Vg  and  Vs— volume  of  dissolved  gat  and  volume  of  pure  solvent 

respectively,  and 

Ct  and  Cg  —  concentration  of  gat  in  solution  and  concentration 
of  gat  in  the  vapor  phase  respectively. 

4.  For  more  information  on  gat/tolvent  phenomena  and  the  factors  which 
alter  them  tee  Markham  and  Kobe,  Chem.  Rev.  ££.  519  (1941). 


*  STP  —  standard  temperature  and  pressure,  0°C  and  760  mm  Hg. 
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Intro 


CATEGORY  8 


Provided  sufficient  data  were  available,  the  hydrolyili  half-life  of  each 
agent  in  water  of  pH  7  at  20°C  hat  been  calculated. 
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CATEGORY  9 


EFFECTS  OF  HEAT  AND  BLAST 

1.  The  date  given  in  this  category  for  each  agent  may  be  of  any  or  all  of 


the 

following  types i 

a. 

Flash  point 

b. 

Auto- Ignition  temperature 

c . 

Inflammability  limits  of  mixtures  of  the 

agent  with  alt 

d. 

Data  on  thermal  decomposition. 

a. 

Data  on  decomposition  of  the  agant  when 
or  by  thermal  generation. 

disseminated  explosively 

2.  Occasionally  all  that  could  be  found  in  the  literature  concerning  the 
thermal  decomposition  of  an  agant  was  a  statement  that  it  "decomposes 
rapidly”  at  such  and  such  a  temperature.  By  this  and  other  similar, 
qualitative  statements  that  are  given  for  tsme  of  the  agents  in  this 
document  it  meant  that  the  agent  shows  noticeable  decomposition  after 
remaining  at  the  specified  temperature  for  anywhere  from  a  few  seconds 
to  a  few  hours.  Data  which  refer  to  the  decomposition  of  the  agent  In 
storage  over  a  period  of  several  days  to  several  years  are  given  In  cat¬ 
egory  10. 

3.  By  "disseminated  explosively”  in  item  (e)  of  paragraph  1,  above,  it 
meant  disseminated  by  filling  explosive  type  munitions,  such  at  shells 
and  bombs,  with  the  agent  and  functioning  them  "Disseminated  by 
thermal  generation"  refers  to  dissemination  from  smoke  pots  or  candles 
and  similar  devices. 
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Intro  -  10 


CATEGORY  10 


STABILITY  IN.  STORAGE,  ACTION  ON  METALS 

1.  At  Indicated  In  category  9,  only  data  which  refer  to  the  decomposition 
of  an  agent  in  storage  over  a  period  of  several  days  to  several  years  are 
given  in  this  category.  Data  on  the  ‘'rapid"  decomposition  of  an  agent 
(within  a  few  seconds  to  a  few  hours)  are  given  in  category  9. 

9.  In  summarising  the  Information  available  in  this  category  on  those  agents 
for  which  efficient  stabilisers  have  been  found,  the  phrase  "for  long 
periods  of  time”  is  used  to  describe  the  stability  of  the  agent.  This 
phrase  is  hereby  defined  to  mean  any  period  of  time  longer  than  one 
year. 
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Intro  « 


LATENT  HEAT  OF  VAPORIZATION 

1.  The  latent  heat  of  vaporisation  (AH)  of  each  agent  hai  bean  calculated 
at  the  agent'i  normal  boiling  point  (IP),  provided  tufficient  vapor 
prenure  data  were  available  in  the  vicinity  of  the  BP  to  allow  auch  a 
calculation.  For  thoie  agenti  whose  IP's  do  not  lie  between  >40°  and 

7 1°C ,  the  AH  has  alio  been  calculated  at  20°C. 

2.  The  heat  of  vaporisation  (or  sublimation)  of  a  compound  is  usually 
calculated  from  vapor  pressure  data  and  the  Clapeyron  or  Clauslus- 
Clapeyron  equation.  At  pressures  of  a  few  atmospheres  or  less  the 
Clauslus-Clapeyroii  aquation,  which  follows,  is  usually  used. 

d  (In  p)  _  -AH 
d  <1/T)  R 

At  very  high  pressures  the  more  accurate  Clapeyron  equation  should  Le 
used, 

dp  H 

it  w 

Most  of  the  values  given  in  this  document  were  calculated  from  either 
of  these  two  equations. 

3.  In  calculating  the  aH's  of  those  agents  that  are  mixtures,  experimental 
vapor  prossure  data  were  used  whenever  such  data  were  available.  In 
any  cate  where  experimental  data  were  not  available,  the  mixture  was 
assumed  to  obey  Raoult's  law  and  the  latenf  heat  of  vaporiaatlon  was 
calculated  accordingly. 
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CATEGORY  12 


RELATIVE  VAPOR  DENSITY 


1.  By  "relative  vapor  denilty"  In  (hit  documint  It  meant  the  ratio  of  the 
weight  of  a  unit  volume  of  an  agent'i  vapor  to  the  weight  of  an  equal 
volume  of  dry  air  at  the  tame  temperature  and  preuure. 

Relative  vapor  demity  dLn-!.iII,of  V*P01  ?1.T  *nd.P 

denilty  of  alt  at  T  and  P 

In  the  chemical  literature  thli  ratio  It  alio  referred  to  ai  a  compound'i 
"vapor  denilty  relative  to  air"  or  limply  "vapor  denilty  (air  —l)". 

2.  At  ambient  temparaturei  and  at  preiiurei  of  about  one  atmoiphere  or 
leu  moit  agenti  do  not  depart  appreciably  from  the  Ideal  «?ai  taw. 

Their  relative  vapor  deniltlai  therefore  may  be  calculated  from  the 
following  ilmple  relatlonihlp  which  ii  eaiily  derived  from  the  Ideal 
gai  law. 

M  W 

Relative  vapor  denilty  <■  gg-  gg 

where  MW— the  molecular  weight  of  the  agent  and 
28.96— the  mean  molecular  weight  of  air. 

All  of  the  relative  vapor  deniltiei  given  In  thli  document  (excepting 
thoie  for  AC)  were  calculated  from  the  above  equation.  Each  hai  been 
marked  with  the  wordi  "theoretical  value"  In  parentheiei. 


UNCLASSIFIED 


UNCLASSIFIED 


Intro  -  13 


CATEGORY  13 


VAROR  PRESSURE 

1.  Vapor  pressure  data  have  been  (elected  for  each  agent  »t  the  following 
temperature* :  -40°,  0°.  32°.  680,  m0,  and  160HF.  Theie  tempera¬ 
ture*  are  alio  given  In  degreei  centigrade  in  the  body  of  the  report. 

2.  All  valuai  for  the  vapor  prenure  of  the  »olld  phase  of  an  agent  have  been 
marked  with  a  i m a  1 1  " » "  In  parentheiei. 

3.  Values  that  have  been  selectad  for  those  agents  that  are  mixtures  were 
taken  from  experimental  data  whenever  such  data  were  available,  In 
cases  where  experimental  data  were  not  available,  the  mixtures  were 
assumed  to  obey  Raoult's  law  and  the  desired  values  were  calculated 
accordingly. 
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category  14 


Intro  -  14 


VOLATILITY  ^  ATMOSPHERIC  AIR 

1.  Volatility  values  have  been  calculated  for  each  agent  at  the  following 
temperature*:  -40°,  0°,  32°,  08°,  120°,  160°F  and  the  agent's  normal 
boiling  point  (I?).  All  values  given  at  temperatures  below  an  agent's 
BP  have  been  calculated  from  the  vapor  pressure  data  that  were  selected 
for  the  agent  at  these  temperarures  in  category  13.  All  values  given 

at  temperatures  above  an  agent's  BP  (including  the  BP)  have  been  cal¬ 
culated  at  atmospheric  pressure  (780  mm  Hg).  The  data  have  been 
presented  in  this  rather  unorthodox  fashion  for  a  number  of  practical 
reasons,  the  most  important  of  which  is  to  facilitate  comparison  of 
an  agent's  toxicity  by  inhalation  to  its  volatility  (or  maximum  vapor 
density)  under  normal  ambient  conditions. 

2.  All  volatility  values  (excepting  those  for  AC)  have  been  calculated 
from  the  ideal  gas  law,  PV  »nRT, 

3.  Of  Interest  it  the  fact  discovered  by  Hoffman  that  the  rate  of  evapor¬ 
ation  of  a  compound  at  a  given  temperature  is  approximately  pro¬ 
portional  to  the  product  of  the  compound's  vapor  pressure  at  that 
temperature  and  its  molecular  weight. 

Revap.  =■  K.  (  p.)  (MW) 

For  further  Information  tee  Hoffman,  lnd.  Eng.  Chem.  2J,  136  (1932). 
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CATEGORY  16 


Intro  *  16 


■  ' 

ODOR  AND  MEDIAN  DETECTARLE  CONCENTRATION 
Thlt  category  contains  Information  ont 

a.  Description  of  odor 

I 

b.  Median  detectable  concentration  (DC^)  by  odor,  or  by  irritation 
of  note,  throat,  eyes,  or  skin. 

*  — * 

V 


( 


UNCLASSIFIED 


I 


UNCLASSIFIED  Intio 

CATEGORY  10 

TOXICITY  BY  INHALATION 
Thli  category  contains  Information  om 

a.  Median  lethal  exposure  (LCteo). 

b.  Median  Incapacitating  exposure  (ICtgo). 

c.  Whether  or  not  the  agent  Is  toxic  or  Irritating  to  the  resplratlng 
tract. 

d.  Data  on  chronic  toxlcitles. 


16 
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Intto 
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CATEGORY  12 


eye  toxicity 

Thl.  c.t.go.y  eon. tin.  iofo.m.tlon  on, 

.  Medlnn  >..k.>  »«  >»c.P.cU.>l»,  do...  d’l*  »*  '»••> 

•gent. 

b.  Median  ...0.1  Uo.P.eL...n,  «».«»■  <«”••  «*  ,C,60) 

yepor  »gent. 

0.  wno.no.  ..  no.  m.  ..... 

ant.y  ln.0  .n.  body  .n.ough  .n.  .y.l. 
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UNCLASSIFIED 


CATEGORY  18 

ORAL  TOXICITY 

Thli  category  contains  information  nm 

a.  Median  lethal  dote  (LDgo). 

b.  Median  incapacitating  dote  (ID50). 
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intro  -  19 


CATEGORY  1® 


S&JLB.  TPM, Sill  AM  ciojhjm 
This  category  contain!  Information  on: 

a.  Median  lethal  and  Incapacitating  doiei  (LD6)j  and  IDgo)  for  liquid 
agent. 

b.  Median  lethal  and  incapacitating  expoiure  (LCtft0  and  ICtgo)  for 
vapor  agent. 

c.  V/hether  or  not  agent  affecti  ikln  or  polioni  tyitem  after  penetration 
of  ikln. 

d.  Special  type  of  clothing  necenery  for  adequate  protection. 
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UNCLASSIFIED 


Intro  -  20 


CATEGORY  20 

RPE1P  OF  ACTION 

Thi*  category  contain!  information  om 

••  Average  time  required  to  Incapacitate  victim, 
b.  Average  period  of  incapacitation. 
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UNCLASSIFIED 

CATEGORY  21 


DETOXICATION  THE  IODY 
Thli  category  contain!  information  on: 

a.  Rate  of  detoxication 

b.  Route  of  entry  if  rate  depend!  thereupon. 
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UNCLASSIFIED 


Intro  -  22 


CA TLGORY  82 


MEDICAL  PROTECTIVE  OR  FIRST  AID  MEASURES 

This  category  contain!  information  on: 

Practical  protective  or  fint  aid  meaiuret  that  are  affective  agaimt 
the  agent  luch  ai  ointmanti,  medicinal!,  etc. 


UNCLASSIFIED 


UNCLASSIFIED 


Intro 


CATEGORY  23 


DETECTION 

Thii  category  contain!  Information  on; 

The  lateit  and  moit  effective  meant  cf  detecting  the  ipeclftc  agent, 
the  type  of  kit,  the  iterni  In  the  kit  (vial.,  paper.,  etc.)  that  are 
u.ed,  the  color  change  or  noticeable  reaction,  that  take  place,  brief 
de.crlptlon  of  the  chemi.try  Involved. 


UNCLASSIFIED 


UNCLASSIFIED 


Intro 


individual  PROTECTION 
Thli  category  contain*  information  on: 


The  type  of  maik,  caiiliter, 
an  Individual  agaimt  the  ag 


clothing  which  ihould  be  uied  to  protect 
ent  and  their  relative  effectivenen. 
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Intro  -  25 


c_mg.QR.OJ? 


DECONTAMINATION 


Thli  category  contain*  Information  on: 

The  type*  of  decontamination  -  decontamination  of  leaking  munition* 
in  itorage  and  *  cc  ‘amlnatlon  In  the  field.  For  tome  agent*  the 
two  will  be  considerably  different.  The  cheapest  and  moit  effective 
meant  of  decontaminating  area*  of  thli  agent  are  considered. 
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SECRET 

GA  -  TABUN  (German) 


GA-  1 


CATEGORY  1 


SECONDARY  SOURCES  OP  INFORMATION  ON  GA 

Readers  desiring  Information  on  GA  which  Is  beyond  the  scope  of  this 
document  may  find  the  following  works  of  great  value. 

With  Bibliography 

ETF  100.  96  (1948) 

ETF  107-3  (1946) 

ETF  107-7  (1946) 

ETF  560E- 8327  (1951) 

M DR  159  (1948) 

M L SR  23  (1963) 

Porton  Memo  35  (1950) 

TCIR  481  (1949) 

Without  Bibliography 

PR  2747  (1947) 
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CATEGORY  2 


NAJME,  FORMULA.  MOLECULAR  WEIGHT 

MeaaeMHMeaMMB 

Bibliography 

Non* 


Sunurity 


1<  Technical  Name; 

2.  Common  name: 

3.  Chemical  formula: 

4.  Molecular  weight: 
Pltcunlon 


Ethyl  dlmethylphoiphoramldocyanldate  or 
Cyanodlmethylamlnoathoxyphoiphlne 


Tabun  (German) 
CgHjiNgOgP  or 

16  2.13 


"C2h8 


Thl.  compound  may  alio  be  found  in  the  clauifled 
following  code  namai  and  numberi; 


literature  under  the 


MCE 

T*  2104  (Brltlih) 
T L *  1678  (UCTL) 
T-83  (German) 
La  iOO  (German) 
PM- 611 
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PHYSIOLOGICAL  ACTION.  TACTICAL  USE.  STATUS 
RUSSIAN  INTEREST 


A .  BlbUo^jrii^hj 

1.  Air  Intelligence  Digest,  Vol.  4,  No.  8  (August  1081) 

2.  ETP  580R-911  (1061) 


B.  Summery 

1.  Physiological  action: 
Nerve  gai 


2.  Tactical  ure: 

GA  may  be  used  ai  a  non- persistent  spray  or  persistent  ground 
contaminant.  It  Is  very  effective  In  producing  Immediate 
casualties. 


3.  Status: 

Limited  standard 

4.  Russian  Interest: 

The  Russians  have  great  Interest  In  GA  as  a  warfare  agent.  They 
are  known  to  have  captured  a  full-scale  GA  plant  upon  the  Invasion 
of  Germany  during  World  War  II.  At  the  present  time,  they  are 
comtdered  to  have  limited  stockpiles  of  the  agent  and  are  probably 
producing  It  ar  an  appreciable  rate  (Al,  A2), 
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CATEGORY  4 


PHYSICAL  STATE,  MELTING  POINT,  BOILING  POINT 


A. 


Bibliography  and  Data 


1.  CD  Report  S/IS  73  (A.  2166)  (1946) 
Pin.  4240  (V.  3986)  (1946) 

BP  —  230°C  (with  dacompoiltlon) 


2.  44th  Chem,  Lab.  CMTR  60  (1946) 

BP-  220°C 

3.  Suffield  Technical  Minute  109  (1946) 

MP-  -48.  9°  *0.  3CC 


4.  TDMR  1094  (1  946) 

Sample  #1  FP—  -61.0°C  (lit  determination) 
FP»  *  60 .  8°C  (2nd  determination) 

Sample  #2  FP—  -60.0°C  (lit  determination) 
FP-  ■  60  .  0°C  (2nd  determination) 

Sample  #2  appeared  to  be  the  purer  of  the  two. 

BP—  248°C  (calculated)  tee  category  13) 

6.  ETF  860F-164  (1949) 

BP  -  220°C 


The  following  report  contain!  freezing  point  data  on  varloui  mlxturei  of 
GA  with  other  compoundi: 

6.  ETF  6  60  G  ~  1260  (1944) 

GA/DA 

GA/DC 

B.  Summary  of  Data  and  Selected  V  aluei 
1 .  Phyiical  itatc: 

Pure  GA  li  a  colorleti  liquid  of  low  volatility  at  room  temper¬ 
ature. 


1 


i 

« 
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SECRET 


C  A  -  4 


2.  Preezlng  point! 

-60°C  (  •  50°  P) 

3.  Normal  boiling  point; 

Compound  bcglni  to  decompose  rapidly  at  about  lbO°C  (300°F). 
Theoretical  IPi  220°  to  240°C  (430°  to  4fl0°F)  (obtained  by 
extrapolation  of  vapor  pre't«.;e  data). 

4.  CA  of  plant  purity  hat  the  following  characteristic!! 

Amber  to  brown  in  color. 

PP  below  -B0°C  ( -  B8°P) 


C.  Pile  union 


Suffield  Technical  Minute  102  (A3)  and  TDMK  1094  (A4)  contain 
the  only  data  on  the  PP  of  CA  that  are  available.  Neither  report 
gives  sufficient  information  on  the  methods  of  determination  am* 
ployed  to  warrant  selection  of  any  of  the  values  reported  at  the  one 
which  best  represents  the  true  PP  of  CA.  The  PP  given  In  (B2) 
therefore  was  selected  at  an  average  of  the  data  contained  in  both 
reports,  it  it  probably  accurate  within  a  degree  or  two. 
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CATEGORY  6 

LIQUID  DENSITY 

A ,  llbllngt aphy  and  Data 

1.  CD  Report  5/16  7 3  (A.  2156)  (1646) 

Ptn.  4240  (V.  3066)  (1046) 

Sp.  Gr.  -  1.066  at  22°C  (HaO  at  22«C) 

d»  1.054  g/cm3  at  22°C 

2.  44th  Cham.  Lab.  CMTR  60  (1046) 

d  -  1.  060  g/cm3  at  18°C 

3.  NDRC  Inf.  Rapt.  0-4-1,  NS  2  (1045) 

d  -  1.  0762  g/cm3  at  20°C 

This  value  alio  appaari  In  NDRC  Inf.  Rapt.  0-4-1,  NS  3  (4). 

4.  NDRC  Inf.  Rapt.  0-4-1,  NS  3  (1046) 

Sample  #1  d«i  1.0762  g/cm3  at  00°C 

Sampla  #0  d  »  1.0767  g/cm3  at  20©C 

Sample  #3  d  m  1.  1200  g/cm3  at  80°C 

Sampla  #4  d  «  1.0647  g/cm3  at  20°C 

The  following  two  valuai  are  given  in  a  different  taction  of  the 
report : 

d  m  1.076  g/cm3  at  2 3°C 
d  -  1.077  g/cm3  at  23°C 

They  appear  to  be  the  lama  valuei  at  thoie  reported  for  lamplei 
#1  and  #2  above.  The  temperaturei  are  different,  however.  No 
explanation  It  given  -  perhapi  a  typographical  error. 

6.  Suffleld  Technical  Minute  100  (1045) 

Sample  #1  d:  from  1.1817  g/cm3  at  -60°C 

to  1,  0616  g/cm3  at  60°C  (16  valuei) 

Sample  #2  di  from  1.1486  g/cm3  at  -60°C 

to  1.0516  g/cm3  at  60°C  (16  valuei) 

Sample  #2  wai  conildered  to  be  the  purer  of  the  two. 
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0.  T DM  R  1094  (1945) 

d  ■  1.0889  g/cm3  at  9.8°C 
1.0731  g/cm3  at  24.  9°C 
1.  0638  g/cm 3  at  36°C 

7.  TDM  R  1121  (1946) 

d  -  1.0  76  g/cm3  at  20°C 

Thlt  value  alio  appeari  In  TDMR  1138  (8). 

8.  TDMR  1138  (1945) 

Sample  #1  d  •  1.080  g/cm3  at  20°C 

Sample  #2  d  at  1.078  g/cm3  a-  20°C 

Sample  #3  d<»  1.078  g/cm3  at  20°C 

Sample  #4  d  a  1.079  g/cm3  at  26°C 

Sample  #6  d -a  1.086  g/cm3  at  26°C 

Sample  #6  d  ■  1.  082  g/cm3  at  25°C 

Sample  #1  wet  comidered  to  be  the  pureit  of  the  lot. 

9.  ETP  550F- 154  (1949) 

d»  1.094  g/cm3  at  17.25°C 
1.077  g/cm3  at  20 °C 

The  following  reporti  contain  denilty  data  on  mlxturei  of  GA  with  other 
compoundi: 

10.  ETF  650  G*  1280  (1944) 

80%  G A  /20%DC  d-  1,126  g/cm3 
40%GA/80%DC  d  -  1.243  g/cm3 

11.  44th  Chem.  Lab.  CMTR  60  (1945) 

85  to  90%  GA/10  to  15%  monochlorobenzene  da*  1.081  g/cm3 
at  18°C 

12.  TDMK  1094  (1945) 

95%  GA/5%  monochlorobenzene  d  ■  1.  1001  g/cm3  at  9.  8°C 

1.  0884  g/cm3  at  24.  9°C 
1.  0771  g/cm3  at  36°C 
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B.  Selected  Valuet 


Liquid  density: 


1. 

1.139  g/cm3 

at 

-40°C 

<-40°P> 

2. 

1 .  100  g/cm3 

at 

0°C 

(  32°F) 

3. 

1.080  g/cm3 

at 

20°C 

<  68°F) 

4. 

1.031  g/cm3 

at 

71°C 

(180°F) 

GA  of  plant  purity  usually  has  a  density  of: 

6.  1.  09  to  1.  11  g/cm3  at  0°C  (32°F) 

6.  1.07  to  1.09  g/cm3  at  20°C  <68°F) 

C .  Discussion 

Suffield  Technical  Minute  109  (A6)  contains  what  appear  to  be  the 
best  data  on  the  density  of  GA  that  are  available.  These  data  were 
plotted  on  a  density-temperature  graph  and  values  (11)  through  (14) 
were  obtained  therefrom  by  either  interpolation  or  extrapolation.  Al¬ 
though  the  data  in  the  original  report  are  given  to  five  significant 
figures,  they  are  probably  not  accurate  to  more  than  four.  The  values 
,'n  paragraph  B  therefore  ate  given  to  four  significant  figures. 
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G  A  *  6 


SOLUBILITY  IN  ORGANIC  gfffaVENXS 
A  .  Bibllo^^ajjh^  ajijd.  Data 

1.  ETF  550G- 1260  (1944) 

GA/DA  GA/MD 

G A/DC  GA/PD 

GA/AC  GA/CG 

GA/CK  GA /chlorobenzene 

GA/H  GA/  carbon  monoxlda 

2.  TDM R  1299  (1946) 

GA/HD 

3.  PR  2747  (1947) 

GA  li  loluble  In  all  common  organic  lolvanti 

4.  ETF  BBOF-154  ( Tranilatlon)  (1949) 

GA  li  tolubla  In  monochlorobamana 

6.  M  DR  184  (1949) 

GA/ethyl  carbltol 
G  A/buty  1  carbltol 
GA/tatralln 

6.  CRLR  322  (1964) 

GA/CX 

B.  Summary  ojf  Data 

GA  li  readily  »oluble  In  almoit  all  common  organic  lolventi. 
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CATEGORY  7 

SOLUBILITY  IN  WATER 

A .  Bibliography  and  Pat* 

1.  C DR  S /IS  73  (A.  2168)  (1946) 

Ptn  4240  (V.  3968)  (1946) 

GA  li  loluble  in  water  to  the  extent  of  two  to  three  percent. 

2.  Suffield  Tech.  Minute  109  (1946) 

Solubility*-  8.  2g  GA/100  ml  tolutlon  at  0°C 

3.  ETF  660-6/Final  (1946) 

Solubility  «■  10.  86g  GA/100  ml  tolutlon  at  26°C 

4.  2d  Ind,  CMLRE-CR(CP),  PioJ  4-08-03-006,  CmlC  Cml  and  Rad  l.abi 
to  CmlC  Reiearch  and  Engineering  Command,  12  Jun  1982,  lubjectt 
"Water  Solubility  of  G-Agenti,"  on  letter,  CMLEK-A,  Chemical 
Corpi  Board,  29  Apr  1962. 

Solubility  ■■  9.  8g  GA/lOOg  solution  at  0°C 
7.  2g  GA/lOOg  solution  at  20°C 

B.  Summary  of  Data 

The  solubility  of  GA  in  water  is  72g  GA/lOOOg  solution  at  20°C  (68°F) 

C.  Discussion 

The  value  given  in  paragraph  B  was  taken  from  the  letter  from  CmlC 
Cml  and  Rad  labs  to  CmlC  research  and  Engineering  Command,  Cmlf  (A4), 
which  contains  the  best  data  available  on  the  solubility  of  GA  in  water. 
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HYDROLYSIS 

A.  Bibliography  and  Data 

1.  CD  Report  6 /IS  73  (A.  2166)  (1946) 

Ptn  4240  (V.  3966)  (1946) 

2.  TDMR  1121  (1946) 

At  26°Ci  from  pH  l,tl/2  «»4140  min. 

to  pH  11.  tl/2  —  6  min.  t*  valuci) 

3.  ETP  660E-6092  (1947) 

At  37°Ci  pH  6.0,  k  ■»  0.00386  par  min.  per  mol  Uteri 

At  37°C  i  pH  7.4,  k  «  0.00646  per  min.  per  mol  Uteri 

4.  M  DR  127  (1947) 

6.  Porton  Tech.  Paper  86  (1948) 

k:  from  0.0167  per  min.  at  pH  2.0  at  12°C 

to  0.  307  per  min.  at  pH  10.0  at  37°C  (30  determination!) 

6.  Porton  Tech.  Paper  160  (I960) 

k»  1.14  10"3  per  min.  at  16°C  at  pH  11.3 
2.72  10*  ®  per  min,  at  26°C  at  pH  11.3 

7.  RTF  100  -  29/Flnal  (Talk  9)  Vol.  1,  30  April  (1964) 

RTF  100  -  2 9  /Final  (Task  9)  Vol.  2,  30  April  (1964) 

B.  Selected  V alue 

.it  20°C  ( 6 8 0 F)  and  pH  7.0,  the  half-life  of  hydrolyiii  of  GA 
ii  8.6  houn. 

C .  Pile  u  nlon 

Thli  value  wai  taken  from  the  data  of  the  report  Porton  Tech. 
Paper  86  (A6).  Theie  data  were  performed  over  a  wide  range  of  pH 
and  temperature.  The  value  li  the  rciult  of  a  neutral  hydroiyiit  of 
GA  producing  HCN.  It  can  be  teen  that  GA  reacti  ilowly  with  want 
and  fairly  rapid  with  itrong  acldt  and  alkalti  with  telf- buffering  at 
pH  4.  6  ( A 2) . 
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CATEGORY  9 


EFFECTS  OF  HEAT  AND  BLAST 


A .  ^BibUjJ^raj^h^ 

1.  TDMR  j.  1  32  (1645) 

2.  Porton  Technical  Paper  46  (1048) 

3.  Ptn.  /I L .  2101  /3636/50  (1060) 

4.  Krecke  and  DiPaola,  CRLR  report  in  preparation.  Project  4-04-16-007, 
subject:  Status  Report,  Dissemination  of  Toxic  Agents  by  Thermal 
Generation  (1064  or  later). 

B.  Summary  of  Data 

GA  is  inflammable  in  air.  Its  closed-up  flash  point  in  atmos¬ 
pheric  air  (760  mm  Hg)  is  172°F  (7S°C)  (A2). 

The  thermal  decomposition  of  GA  is  probably  similar  to  that  of 
the  other  G-agents,  Complete  decomposition  takes  place  within  about 
three  hours  at  about  160°C  (300°F)  (Al). 

GA  undergoes  considerable  decomposition  when  disseminated 
explosively  or  disseminated  by  thermal  generation  (A3,  A4). 
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STABILITY  IN  STORAGE.  ACTION  ON  METALS 


1.  TDMR  1209  (1046) 


2.  PR  2747  (1947) 


3.  ETF  550H-  7069  (1048) 
BTP  fiflOE  -  74  7  3  (1949) 

ETF  660E- 7683  (1960) 
ETF  660E-8086  (1961) 
ETf  560E- 8377  (1963) 


o_f  Data 


Moit  of  tho  GA  that  tho  Unltod  ftatoi  bai  on  hand  ii  captutod 
Gorman  matorlal  containing  anywhero  from  6  to  204  monorhloro* 
banaono.  Thli  matorlal  li  itabla  In  (tool  for  tovoral  yoari  (AS), 
but  hai  boon  found  to  undorgoo  comploto  docompoiltion  (at  judged 
from  dlitlllatlon  data)  within  throo  rnonthi  at  66°C  (160°P)  (1). 


Tho  corroilon  rata  of  Gorman  GA  (6  to  20£  monochlorobonaono) 
on  itool  hai  boon  found  to  bo  3.4  x  1 0  ‘ 6  lnchoi  ponotratlon  par 
month  at  66°C  (160°F)(A1). 
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CATEGORY  11 


LATENT  HEAT  OF  VAPORIZATION 

A .  Bibliography  and  Data 

1.  A.  3804/3  (1946) 

Porton  Technical  Pape*  341  (1963) 

AHv4p  =17.2  kcal/mol  at  26°C 

2.  TDMR  1094  (1946) 

AHytp  =12.9  kcal/mol  at  36°  to  96°C 

B.  Selected  Value 

Latent  heat  of  vaporization  at  20°C  (68°P)t 
16  kcal/mol  (100  cal/g) 

C.  Dltc  union 

The  value  (elected  in  paragraph  B  w»»  calculated  from  the 
vapor  prenure  data  jf  Porton  Technical  Paper  341  (Al)  and  MIT-MR 
163  (category  13,  para  A,  item  6).  These  two  report!  contain  the 
beit  data  available  on  the  vapor  prenure  of  GA  at  temperature* 
around  20°C  (tee  category  13,  para  C).  Valuei  for  the  AH  of  GA 
were  calculated  from  the  data  of  both  report*  uilng  the  Clauilui- 
Clapeyron  equation.  The  remit  obtained  from  the  Porton  data  i* 
given  in  the  bibliography  (Al);  a  AH  of  16.2  kcal/mol  wa*  obtained 
from  the  MIT  data.  The  value  given  In  paragraph  B  wa*  (elected  a* 
an  average  of  the*#  two  value*. 


SECRET 


SECRET 

9rtTI9gHLU 


native  mm  amiix* 


A.  Bibliography 

Non* 

B.  IlimiA  V*lui 

Relatlv*  v •  por  atniltyi  5.80  (th«orctlc«l  v*lue) 


•Relative  vapor  denilty* 


deniltv  ot  vapor  at  T  and  P 
denilty  or  air  at  f  and  H 
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V  APQR  PREMUJLE 


A.  Bibliography  and  Data 

1.  A.  3804/3  (1046) 

Porton  Technical  Paper  341  (1063) 

By  effuilon  manometer  - 

p:  from  0,0274  mm  Hg  at  17°C 

to  0  .  0038  mm  Kg  at  30°C  (6  determination!) 

The  following  equation  wai  derived  from  the  above  data  by  the 
method  of  lean  squares: 

log  psll.345  ■  (range t  17°  to  30°C) 

(273.  2®K-  0.  0°C) 

2.  CD  Report  6 /IS  73  (A.  2156)  (1046) 

Ptn,  4240  (V.  3056)  (1045) 


p  si  1.5  mm  Hg  at  S3°C 

10  mm  Hg  at  120°C 

760  mm  Hg  at  230°C 

The  following  value  wai  reported  for  a  German  (ample.  It  alio 
appears  In  T D MR  1138  (12). 

p  «■  2  mm  Hg  at  03°C 

3.  40th  Chem.  Lab.  Co.,  Monthly  Intelligence  Report,  1  April  to 
30  April  1046 

p  ■»  2  mm  Hg  at  84°  to  80°C 
4  mm  Hg  at  05°  to  08°C 

4.  44th  Chem.  Lab.  CMTR  60  (1045) 

p«  1  nm  Hg  at  08°C 

780  mm  Hg  at  220°C 

6.  MIT-MR  163  (1046) 

Sample  was  fractionally  distilled  three  times.  Pinal  distillation 
yielded  - 
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p>  2  to  3  mm  Hg  at  78°  to  80°C 

Distillate  wai  uied  to  obtain  tha  following  data  (traniforanea 
method)  * 

p  ■»  0.038  mm  Hg  at  20°C 
0,087  mm  Hg  at  30°C 
0,  210  mm  Hg  at  40°C 

NDRC  Inf.  Rapt.  9-4-1.  NS  2  (1946) 

p»  4  mm  Hg  at  87°  to  88°C 

NDRC  Inf.  Rapt.  9-4-1.  N8  3  (1946) 

Sample  wai  diitiiled  into  four  fractions.  Following  data  wara 
obtained i 

p »  66  mm  Hg  at  166°C  (lit  fraction) 

21.6  mm  Hg  at  121°C  (2nd  fraction) 

7  mm  Hg  at  98°  to  99°C  (3rd  fraction) 

5  mm  Kg  at  94°  to  103°C  (4th  fraction) 

Thaia  data  ware  uiad  to  derive  tha  following  equation! 

log  p-  9.11287  -  8°J 1-  8  (ranga  94°  to  156°C) 


Tha  following  distillation  values  wara  obtained  on  two  other 
samplers 

p>  2  mm  Hg  at  89°  to  92°C 

0.  26  to  0.  3  mm  Hg  at  60°  to  58®C 

OSRD  8391  (1946) 

Sample  was  distilled  into  two  fractions.  Purest  fraction  yielded 
p»  3  mm  Hg  at  88°  to  98°C 
Sufflvld  Technical  Minute  109  (1946) 

Sample  was  fractionally  distilled  three  times.  Final  distillation 
yielded  - 

p»  0.2  mm  Hg  at  62°C 
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10.  TDMR  1004  (1940) 

By  transference  mathod  (two  different  lemplei)  - 

pi  from  0.0484  mm  Hg  at  28.0°C 

to  0.073  mm  Hg  at  06.0°C  (14  determination!) 

By  Ramsey-Young  method  • 

p  —  1.  15  mm  Hg  at  BS.9°C 
3.  7  mm  Hg  at  03. 3°C 

By  vacuum  dlitlllatlon  (these  two  value*  tlso  appear  In 
TDMR  1138  (13)  )  - 

p*.  1.0  mm  Hg  at  72.0°  to  73°C 

3  mm  Hg  at  86°  to  87°C 

The  following  equation  wai  derived  from  the  above  data  by  the 
method  of  lean  iquaren 

log  p-  8.300  -  (range i  20°  to  04°C) 

11.  TDMR  1132  (1040) 

Sample  was  distilled  Into  three  fraction!.  Purest  fraction  yielded 
p»  2  mm  Hg  at  70°  to  72°C 

12.  TDMR  1138  (1040) 

Distillation  data  were  obtained  on  tlx  different  samples.  Two 
purest  samples  yielded  - 

p »  ca.  1.0  mm  Hg  at  72.0°  to  73°C  (Sample  #1) 

3  mm  Hg  at  88°  to  87°C  (Sample  #2) 

The  following  value  was  obtained  on  a  German  temple: 

p«  2  mm  Hg  at  93°C 

13.  ETF  5 50  F -  1  54  (1949) 

p:  2  mm  Hg  at  67°C  to  67°C 

700  mm  Hg  at  220°G  (8  determinations) 

14.  Porton  Technical  Paper  204  (1950) 

Sample  fractionally  distilled  twice.  Second  distillation  yielded 
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p  »  0 .  6  mm  Hg  at  66UC 
16.  Porton  Technical  Paper  336  (1863) 

Sample  contained  radioactive  phosphorous  (832) 
pm  2  mm  Kg  at  100°C 

\LliliSJ 

Vapor  pressures 

(1)  0.006  mm  Hg  at  0°C  (32°F) 

(2)  0.037  mm  Hg  at  20°C  (68°F) 

(3)  0.4  mm  Kg  at  62°C  (126°P) 

(4)  2  mm  Hg  at  71°C  (160°F) 

Discussion 

The  vapor  pressure  data  available  for  GA  are  very  inconsistent. 
Porton  Technical  Paper  341  (Al)  and  MI T - M R  163  (A6)  contain  what 
appear  to  bo  the  most  precise  data  that  have  been  reported  to  date. 
The  data  of  these  two  reports  are  in  agreement  roughly  to  about  two 
significant  figures.  This  is  true  only  because  the  data  lie  within  a 
narrow  temperature  range  (17°  to  40°C),  however.  The  slopes  of  the 
two  sets  of  data,  when  plotted  on  a  log  p  vs.  1/T  graph,  were  found 
to  be  different  and  extrapolations  of  the  data  diverge  rapidly. 

TDMR  1094  (A  10)  contains  the  only  other  data  that  have  been 
produced  with  any  precision.  These  data,  when  plotted,  have  a  slope 
that  differs  considerably  from  the  slopes  of  the  two  previously  men* 
tloned  sets  of  data.  Of  the  three  reports  cited  so  far,  however,  only 
the  TDMR  report  contains  data  which  are  in  good  agreement  with  the 
large  mast  of  distillation  data  that  have  been  reported  for  GA.  The 
Porton  data,  which  exhibit  a  comparatively  steep  slope,  fail  to  agree 
with  any  of  the  distillation  data  when  extrapolated.  And  extrapola¬ 
tion  of  the  MIT  data  results  in  agreement  with  only  the  comparatively 
high  distillation  data  of  ETF  660F-164  (A  13). 

lecausa  of  these  inconsistencies,  it  was  decided  to  plot  all  of 
the  data  available  on  a  log  p  vs.  1/T  graph  and  to  select  the  desired 
values  from  the  resulting  composite  of  the  data.  Values  (>1)  and 
(12)  therefore  are  based  upon  the  data  of  Porton  Technical  Paper  341 
and  MIT-MR  163,  value  (13)  upon  the  data  of  TDMR  1094  and  distill* 
atlon  data  and  value  (14)  entirely  upon  distillation  data,  lach  value 
it  given  to  the  number  of  significant  figures  which  the  data  from 
which  the  value  was  taken  would  allow. 

No  values  were  obtained  at  temperatures  below  0°C  bocause  of 
the  lack  of  data. 
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Bibliography 

None 

§liLl^U4  vumi 

Volatility  In  atmoipharlc  a  1  r > 

(1)  o.oe  X  103mg/m3  at  0°C  (  32°P)  (0.006  mm  Hg) 

(2)  0.33  x  lojjmg/«n®  at  20°C  (  68°F)  (0.037  mm  Hg) 

(3)  3  x  103mg/m3  at  62°C  (125°F)  (0.4  mm  Hg) 

(4)  IB  x  10amg/ma  at  1°C  (160°P)  (2  mm  Hg) 
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flflfll  AilB  UiMAH  BJUJLCXAlitl  concentration 
Rlbllograah  y 

1.  Medical  Di vlilon  Informal  Monthly  Report  (1946) 

2.  Porton  Report  4240  (V.6912)  (1945) 

3.  Porton  Memo  39  (1960) 

Piicunlon 

1.  Odor  of  GA  li  fruity  or  iweet  (A2,  A3). 

a.  M.di.n  d.t.ct.bx  conc.nir.u«„  a.a^/i  <a.  a  *,,/„,»)<»  i>. 
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TOXICITY  IKHAUTIOKI 

A .  Bibliography 

MDR  201  (1049) 

B.  Dlicunlon 

1.  M.jl.n  I.tli.l  .xpoiu..  1.  too  mg.  mln/m3  »o.  .  10  minui.  .xpo.uio 

11  100  m8 ■  mjn/m3  t..  .  >o  ml,,.,. 

3.  GA  eiuui  bronchoconitriction. 

4.  Th«r«  it  no  data  on  chronic  toxicitiat. 
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ULi.  IflliSlIX 

A .  Blbllogra  phy 

1.  Porton  Report  2698  (194ft) 

2.  Porton  Mimo  39  (19S0) 
ft,  Pltcuttlon 

Vapor  epplted  directly  end  on'y  to  the  ttyen 

0.7  mg.min/m3  ( t  »  2  minuter)  -  no  eye  effecti 

3.2  mg.mln/m3  (t»  2  minuter)  -  rllght  but  definite  mlntlt. 

14-21  mg.mln/m3  -  revere  heretting  effeott  for  teverel  deyr. 

30  mg.mln/m3  (t»  10  minuter)  •  very  revere  heretting  to  only 
one  tubject  (vltuel  acuity  reduced  for  17  deyr)  (Al). 

The  eye  effecti  produced  by  expoiure  to  low  deteger  of  nerve  get 
ere  manlfettly  due  to  locel  ectlon  of  the  vepor  on  the  eye.  ilrtce 
they  occur  to  the  rente  eatent  In  men  whore  rerplretory  paiteget  ere 
protected  by  oronetel  retplretort  et  In  unprotected  men,  end  do 
eot  retell  if  the  obrerveri  weir  dote- fitting  goggle*  her  ere  other 
wire  unprotected  Threrhold  eye  tymptomi  with  A  A  mg  mln/m* 
jt"  ft  minuter).  Moderate  harettmant  l«r  7  to  ft  deyr  with  2.  ft  ro 
4  mg  mln/re  1  (i»  10  to  20  minutei). 
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No  man  data  found. 
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SKIN  TOXICITY  A2UB.  CLOTHING  PENETRATION 
Bibliography 

1.  RTF  6 80  G  -  1  7 30 

2.  M  DR  201  (1040) 

PllCUIllflfl 

1.  Bated  on  rabbit  data  (LDfi0«  3.3  mg  per  Kg  body  weight)  an  approx¬ 
imate  LDgo  of  0.23  gramt/70  kg  man  It  estimated  (A2). 

No  data  for  Incapacitating  exposure  for  liquid  GA. 

One  drop  on  the  skin,  especially  on  the  face,  must  be  regarded  at 
fatal  (Al). 

2.  With  the  lungs  and  eyes  protected  and  the  body  exposed) 

The  median  lethal  exposure  It  20,000  mg.mln/m9  (time  exposure 
of  10  minutes) 

3 

the  median  Incapacitating  exposure  It  12,000  mg.mln/m  (time 
exposure  of  10  minutes). 

3.  Agent  affects  system  after  absorption  through  skin, 

4.  Impermeable  protective  clothing  it  required  for  protection. 
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SPEED  Q£  ACTION 


Bibliography 

M DR  201  ( 1949) 

BiiSJUilflA 

Incapacitation  will  occur  within  1  hour  aftar  axpoiure  to  agant. 
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OEIOXIC^HPW  UL  nil  M>PY 

No  man  data  found. 
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MEDICAL  PROTECTIVE  OR  PIRET  AIR  MEAEURE8 

A .  Bibliography 

TM  8-  266,  Treatment  of  Chemical  Warfare  Catualtlei 

B.  Discussion 

In  the  treatment  of  GA  caiuaitlei,  tpeed  of  treatment  li  of  the 
essence.  Caiuaitlei  should  be  removed  from  possibility  of  further 
contamination  If  ponlble  and  given  an  Immediate  Injection  of  atro¬ 
pine  and  subjected  to  artlfivlal  reiuicl tatlon.  Present  thought  Is 
that  atropine  Injection  alone,  while  helpful  in  cases  of  mild  ex¬ 
posure,  Is  of  little  value  In  more  severe  exposure  unless  artificial 
resuscitation  is  applied.  Either  of  these  treatments  alone  Is  helpful 
but  the  combination  of  the  two  has  more  than  the  additive  value. 
Thorough  familiarisation  with  the  subject  In  reference  TM-285  Is 
strongly  recommended.  For  skin  contamination,  wash  with  sodium 
bicarbonate  and  test  as  above.  In  the  eyes  and  mouth,  wash  with 
3%  bicarbonate. 
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A .  bibliography 

1.  FM  21-40,  Defame  Agalmt  Chemical  Attack. 

2.  Initructiom  -  Kit,  Chemical  Agent  Anal,yter,  M10A1,  uie  of 

(27  April  1054) 

3.  Initructiom  -  Kit,  Chemical  Agent  Detector,  M0A2. 

4.  Initructiom  •  Kit,  Water  Teiting,  Poiiom  M-3  (14  July  1052). 

6.  TM  3-216,  Military  Chamiitry  and  Chemical  Agenti. 

0.  TM  3*200,  Individual  Protective  and  Detection  Equipment. 

7.  TM  0-256,  Treatment  of  Chemical  Warfare  Catualtlei. 

1.  Summary 

Objectively,  G A  It  detected  byi 

(1)  Detector  kit  (M0A2).  A  greenlih- blue  ring  appean  in  white  dot 
tube  after  wetting  with  lolutlon  from  green  top  bottle.  (Note: 
thii  it  a  general  teit  and  will  be  poiltlve  for  G-agent:  and/or 
CK)  (A3). 

(2)  Analyser  kit  (M10A1).  The  1 1 a t  -ard  ten  (A2)  which  contain! 
granulei  from  a  white  dot  tube  which  are  treated  fint  with  a 
lolutlon  of  O-DN  and  then  a  tolutlon  of  PER,  An  orange  or 
amber  color  in  the  toluticn  indlcatei  the  pretence  of  G-agenti 
(or  CK).  The  white  dot  tube  turm  red-purple  when  wet  with  an 
alcoholic  tolutlon  of  Chlor-T  and  then  an  alcoholic  tolutlon  of 
gamm  a  -  picoline  and  PYR.  (Note:  Thii  teit  indlcatei  GA  or  CK). 

(3)  An  alternate  or  confirmatory  teit  (A2)  which  contain!  plain 
itripi  of  filter  paper  which  can  be  impregnated  with  Chlor-T  in 
advance  and  when  held  in  cloie  contact  with  a  itrlp  of  filter 
paper,  one  end  of  which  li  wet  with  an  alcoholic  rolution  of 
gamma- picoline  and  PYR  will  remit  in  the  appearance  of  a  red 
to  purple  ipot  on  the  newly  wet  paper.  (Note:  Thii  teit  alio 
indlcatei  AC  or  CK). 

(4)  Water  teiting  and  icreening  (AN-M2).  Nerve  gaiei  are  detected 
by  a  color  reaction  and  extraction  of  the  color  by  an  lmmliclble 
tolvcnt  (A  7). 
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(6)  Water  tailing  kit,  poiioni  (M4).  Thii  kit  enablei  quantitative 
determination  of  G-agents  (A4). 

(6)  Food  teiting  and  icreening  (ABC-M3).  The  nerve  gaici  ate  ident¬ 
ified  by  their  reaction  with  two  ipecial  chemicals  to  produce  an 
orange  or  yellow  color  (A7). 

(7)  Veiicant  detector  crayon  (M7,  M7A1).  Drops  of  liquid  G-agents 
cause  pink  crayon  markings  or  dust  to  turn  yellow  (A6). 

(8)  Liquid  vesicant  detector  paint  (^5).  Surfaces  painted  with  de¬ 
tector  paint  show  a  change  in  color  from  olive  green  to  red  when 
contaminated  by  drops  or  splashes  of  G-agents  (A8). 

(0)  Liquid  vesicant  detector  paper  (MG)  (A8). 

Subjectively,  GA  is  detected  by: 

(1)  Odor  •  faint,  sweetish,  fruity  (AS,  A7), 

(2)  Physical  appearance  -  a  colorless  to  brownish  liquid  (AS,  A7). 

(3)  Physiological  symptoms  -  vapors  may  cause  nausea,  vomiting, 
and  dlarreha  followed  by  muscular  twitching  and  convulsions. 

Even  in  low  concentrations,  vapor  causes  pupils  to  contract, 
vision  becomes  difficult  in  dim  light,  and  headaches  may  result. 
A  sense  of  tightness  in  the  chest  may  be  noticed.  Contraction 
of  the  pupils  may  not  appear  as  a  warning  sign  of  liquid  penetr¬ 
ation  (AS,  A  7) . 
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A .  Bibliography 

1.  TM  3-218,  Military  Chemiitry  and  Chemical  Agenti. 

2.  TM  3-200,  Individual  Protective  and  Detection  Equipment. 

3.  TM  8-286,  Traatmant  of  Chamical  Warfara  Caiualtlai. 

B.  Summarv 


Protactlon  agalmt  GA  may  ba  afforded  by  uia  of  the  protactiva 
mirk.  Impermeable  protective  clothing  ii  required  for  protection 
agaimt  liquid  G-agenti  (Al,  A3).  Protactiva  dubbing  li  alio  uiad  (A2). 
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DECONTAMINATION 


Bibliography 

1.  TM  3*216,  Military  Chamiitry  and  Chemical  Agenti. 

2.  TM  3*220,  Decontamination. 

3.  TM  8-286,  Treatment  of  Chemical  Warfare  Casualties. 
Summary 


For  penonnel,  soap  and  water,  rather  than  protective  ointment, 
are  used  for  removing  liquid  contamination.  Immediate  and  thorough 
action  li  necenary  In  removing  nerve  gaiei  (2).  The  following 
fluldi  are  more  tatiifactory  than  loap  and  water  and  ihould  be  uied 
If  available: 

(1)  A  ilurry  of  one  part  of  bleach  In  three  parts  of  water, 

(2)  A  five  to  ten  per  cent  lolution  of  sodium  carbonate. 

(3)  A  five  to  ten  per  cent  solution  of  ammonium  hydroxide, 

(4)  A  two  per  cent  solution  of  sodium  hydroxide. 

If  water  alone  Is  available,  blot  the  excess  liquid  off  the  skin,  then 
soak  a  fresh  cloth  with  water  and  scrub  the  area  turning  the  cloth 
with  each  bit  of  scrubbing  to  expose  a  clean  surface.  If  a  splash  of 
liquid  nerve  gas  should  get  Into  the  eye,  It  should  be  flushed  out 
Immediately  with  water  (A3). 

For  materiel  and  areas,  in  the  case  of  liquid  contamination,  aeration, 
hot  soapy  water,  bleach  slurry,  and  solutions  of  commercially  available 
alkalis,  such  as  caustic  soda  and  soda  ash,  are  effective  (A2).  In  confined 
areas,  steam  and  ammonia  arc  effective  (Al). 
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SECONDARY  SOURCES  QS  IMS2ABAI1SH  OX  fil 

Raaderi  dailring  information  on  Gl  which  ii  bayond  tho  icopa  of  this 
documant  may  find  tha  following  worki  of  graat  valua. 

With  llblloiraphy 

ETF  100.26  (1048) 

ETF  107-3  (1946) 

ETF  650E- 7666  (1940) 

ETF  160E- 8327  (1961) 

MDR  169  (1948) 

ML6R  23  (1963) 

Porton  Mamo  36  (1960) 

TCIR  481  (1949) 

TCR  36  (1949) 

Without  Slbllography 

PR  2747  (1947) 


SECRET 


SECRET 

fidVIlfiflMLj 


GI-2 


NAME,  FORMULA.  MOLECULAR  WEIGHT 


A.  Bibliography 
Non* 


8.  Summuy 

1.  Technical  n«m«!  Isopropyl  methy  Iphosphonofluoridat*  or 

Fluor! lopropoxymethylphoiphlne  oxide 


2.  Common  name: 


3,  Chemical  formula: 


4.  Molecular  weight: 


Sarin  (German) 


c4H10FO2p  or  CH3-P-O-CH 

§  I 

o  ch3 


140. 11 


c.  Pi  1C  uni  g n ' 

Thli  compound  may  alio  be  found  In  the  claulfled  literature  under 
the  following  code  names  and  numbers: 


M  FI 

EA  1208 
T-  2100  (British) 
TL  1818  (UCTL) 

T  - 144  (German) 
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A  SX1PH.  I  AC, 11C  Al<  Uii.  IIA.mil 
nu  mian  LfcLUilAI 


A.  Blblloir aphy 


1.  Air  Intelligence  Digest,  Vol.  4,  No.  8  (August  1981) 

3.  ETP  B60R-9U  (1961) 

Summary 

1.  Physiological  action: 

Narva  gas 
9.  Tactical  usa: 

Gl  Is  usually  dlssamlnatad  as  a  non* parslstant  spray.  It  Is 
vary  afiactlva  In  producing  lmmadlata  casualtlas. 

3.  Statusi 

Standard 

4.  Russian  Intarasti 

Tha  Russians  hava  groat  lntorast  In  GB  as  a  warfare  agent.  They 
are  known  to  hava  captured  a  GB  pilot  plant  upon  tha  Invasion  of 
Germany  during  World  War  II,  At  the  present  time,  they  are  con¬ 
sidered  to  have  limited  stockpiles  of  tha  agent  and  are  probably 
producing  It  at  an  appreciable  rate  (Al,  A3). 
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PHYSICAL  STATE.  ttlLUMfi  POINT.  BOILING  POINT 
Bibliography  and  Data 

1.  TDMR  1183  (1948) 

Sample  did  not  froeie  at  -70°C. 

BP  *  1 4 7 ° C  (calculated)  category  13) 

2.  Chemical  Corpi  Quarterly  Report,  Project  4*08-03-06,  1  January  1948 

FP-  -88°±  1°C 

3.  TCIR  613  (1949) 

Sample  #1  (dlitilled)  FP  •  -66.8°C 

MP*  -68.  2°C 

Sample  #2  (singly  crystallised)  FP  *  -68.7°C 

Sample  #3  ( t  riply  cry  it  alliaed)  FP*  -66.9°C 

Sample  #4  (filtrate  after  one  cryitallliation)  FP  *  -66.9°C 

By  FP  in  this  report  is  meant  the  highest  temperature  to  which 
the  sample  rose  after  supercooling. 

4.  CRLR  2  (1961) 


Sample 

#1 

(distilled) 

FP  ■ 

-67.0°  C 

(crystals) 

FP* 

-66.  8 8°C 

(filtrate) 

FP" 

-66.  8 3°C 

Sample 

#2 

(crystals) 

FP" 

-67. 2°  C 

(filtrate) 

FP" 

-57. 8°  C 

Sample 

#3 

(crystals) 

FP» 

-67.  2°  C 

The  following  reports  contain  data  on  mixtures  of  GB  with  other  compounds 

6.  ETF  660-936  (1963) 

65*  GB/35*  HD  FP*  -4°  F 

37*  GB/63*  L  FP  -•  -40°F 

60*  GB/50*  CX  FP  below  -40°F 
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6.  CRLR  178  (1953) 

50H  GB/60%  CX  FP  below  -  195°C 

7.  CRLR  323  (1964) 

501b  GB /601b  CX  FP  below  -6fi°C 

B.  Summery  of  Pete  end  Selected  V  eluei 

1 .  Phyilcel  itete i 

Pure  GR  li  e  colorlen  liquid  of  low  voletlllty  et  room  temperature. 

2.  Melting  point: 

-  6fl°C  (  -  89°F) 

Thli  li  elio  the  triple  point  -  vepor  prenure  li  0.0016  mm  Hg. 

3.  Ncrmel  boiling  point: 

1 5  2°C  (  30  5°  F)  (with  decom;  * jltion) 

4.  GB  of  plent  purity  het  the  following  cherecterlitlci : 

Semv  eppeerence  ei  the  pure  meterlel. 

MP  below  -66°C  (-69°F) 

C.  PUcmilaa 

TC1R  613  (A3)  end  CRLR  2  (A4)  conteln  the  belt  work  thet  hei 
been  done  on  the  FP  of  GB  to  dete.  Thli  compound  epperently  freesei  to 
slowly  end  supercools  to  such  e  greet  extent  thet  determining  Its  FP  from 
time- tempereture  curvet,  et  wet  ettempted  In  these  two  reports,  becomes 
quite  difficult.  See  the  orlglnel  reports  for  explenetlon.  The  veluet 
given  In  both  reports  therefore  represent  the  highest  temperetures  to 
which  the  temples  rose  In  the  FP  epperetut  efter  supercooling:  they  ere 
not  considered  to  be  the  true  FP1 1  of  the  templet.  The  MP  of  -56.2°C 
given  for  temple  #1  of  TCIR  613  Is  thought  to  be  e  more  eccurete  velue 
than  any  of  the  FP't  reported  to  far,  A  MP  of  -66°C  therefore  was  selected 
for  (82).  The  true  MP  of  GB  probably  lies  within  e  degree  of  this  value 
and  slightly  above  It, 

The  vepor  pressure  et  the  TP  (B2)  wet  calculated  from  the  follow¬ 
ing  equation  which  was  derived  from  the  vepor  pressure  data  of  ETF  560Ca- 
1288  by  the  method  of  least  squares  (tee  category  13). 
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log  p  —  9.140 


2  694 


(rangei  -39°  to  28°C 
(273.  2°K—  0. 0°C) 


Thit  value  wai  obtained  by  exttapolatlng  the  data  over  a  temperature 
range  of  teventeen  degreai.  It  it  given  to  two  tigniflcant  flgurei,  but 
probably  it  not  quite  that  accurate. 


The  BP  (B3)  wai  obtained  from  the  following  vapor  prenure 
equation  which  appear*  in  Porton  Technical  Paper  278  (tee  category  13). 


log  p  »  8.6916  - 


2424.  6 

y— 


(range i  46°  to  80°C) 
(273.  2°K  -  0. 0°C) 


Since  an  extrapolation  over  a  temperature  range  of  more  than  teventy 
degreet  wai  required  In  Ice  calculation,  the  value  It  probably  accurate 
within  only  a  few  degree*. 
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LIQUID  DENSITY 

A.  Blbllogt aphy  and  Data 

1.  NDRC  Inf.  Rapt.  9-4-1,  NB  4  (1046) 

OSRD  6400  (1946) 

Rcdcman  at  al,  J.  Am.  Cham.  8oc.  1£,  3604  (1948) 

d  ■  1 .  0941  g/cm3  at  36.  6°C 

9.  TDMR  1163  (1946) 

d  -  l.  1116  g/cm3  at  10.  0 6°C 
1.  0946  g/cm3  at  36.  3°  C 
1.  0466  g/cm3  at  66.  4°  C 

3.  Porton  Technical  Paper  378  (1963) 

Pure  G I 

d;  from  1.1064  g/cm3  at  10.  0°C 

to  1.0710  g/cm3  at  40 .  0°C  (7  deti  rmlnatloni) 

The  following  aquation  war  derived  from  there  data: 

d*  1.1182  •  O.OOllBt  (rangei  10°  to  40°C) 

.Plant  GB 

d:  from  1,1139  g/cm3  at  10.0°C 

to  1.0789  g/cm3  at  40.  0°C  (7  determination!) 

The  following  equation  wai  derived  from  there  data; 

d  ■  1.  1266  -  0 . 0 0  1  1 6 6 1  (rangei  10°  to  40°C) 

4.  KTF  ftSOCa- 1115  (1960) 

Dentity  data  on  the  following  mlxturet  are  given: 

GB/hexafluoroethane 
GB/ethy  lene 
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B.  Selected  Values 


Liquid  deniity 


(1) 

1.18  g/cm 3 

at 

© 

o 

* 

■ 

( -  40°F) 

(2) 

1,118  g/cm3 

at 

o°c 

(  3 2°  F) 

(3) 

1.096  g/cm3 

at 

20°C 

(  8 8° P) 

(4) 

1.034  g/cm3 

at 

71°C 

(160°P) 

GB  of  plant  purity  usually  has  a  density  of: 

(6)  1.12  to  1.13  g/cmj  at  0°C  (32°F) 

(8)  1.09  to  1.10  g/cm3  at  20°C  (68°F> 

C.  Discussion 

Porton  Technical  Paper  27B  (A3)  contains  the  best  data  on  the 
density  of  GB  that  have  bean  reported  to  date.  Values  (Bl)  through 
(B4)  were  calculated  from  the  following  equation  which  was  derived 
from  these  data  by  the  authors. 

d  1.1182  -  0.001181  (range:  10°  to  40°C) 

Although  the  data  are  given  to  five  significant  figures  In  the 
original  report,  they  are  probably  not  accurate  to  more  than  four. 

All  valuas  In  paragraph  B,  excepting  (Bl).  are  given  to  four  slgnifi* 
cant  figures,  therefore.  Value  (Bl)  was  obtained  by  extrapolating 
the  data  over  a  temperature  range  of  fifty  degrees.  An  extrapolation 
of  this  magnitude  was  n^t  considered  possible  without  Introducing 
appreciable  error  Into  the  fourth  significant  figure  of  the  value. 
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SOLUBILITY  W  QlfiAHiC-  SPLVEHIS 


and  Date 


ETF  550  G-  1  280  (1944) 

G  i/AC 
GB/MD 

PR  2747  (1947) 


GB/chlorobenzene 
GB/ethylenc  chloride 


GB  li  loluble  in  all  common  organic  aolventi. 
ETF  660F-  164  ( Tr a ni la 1 1  on)  (1949) 

GB/  rnathyl  alcohol 


4.  T C1R  613  (1949) 


GB  /toluene 
GB/n-hexane 
GB/p-cymcne 
GB/n- butyl  benzene 


GB/n-butyl  chloride 
GB/liopropyl  benzene 
GB/1,  1.  2- 1 rich loroe  thane 
GB/petroeum  ether 


6.  ETF  650Ca  -  1160/1  June  1949  to  31  May  1960 

GB /  ethane 

GB  /e th  y  le  ne 

GB /  he  xafluoroe  thane 

8.  SO/R/818  (1962) 

GB/ammonia 

7.  CRLR  1  78  (  1  953) 

ETF  550  -  936  (1953) 

GB/HD 

GB/CX 

GB/L 

8.  CRLR  322  (1964) 

GB/CX 

B.  Summary  of  Data 

GB  it  readily  loluble  In  aim  oat  all  common  organic  aolventi, 
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SOLUBILITY  IN.  WATER 
A .  Bibliography  and  Data 

1.  ETF  660E-6092  (1047) 

GB  wn  found  to  be  almoit  completely  mliclble  with  water. 

2.  TCIR  360  (1047) 

The  solubility  of  GB  In  water  wei  found  to  be  greater  than 

62.  3%  by  weight. 

3.  S.O./R./783  (1948) 

GB  li  completely  mliclble  with  water. 

4.  2d  Ind,  CMLRE-CR  (CP).  Proj  4-08-03-006,  CmlC  Cml  and  Rad  Labi 
to  CmlC  Reiearch  and  Engineering  Command.  12  June  1062,  lubject: 
"Water  solubility  of  G-agenti,"  on  letter,  CMLEK-A,  Chemical  Corpi 
Board,  29  Apr  1052. 

GB  *i  completely  mliclble  with  water. 

5.  Summary  of  Data 

GB  li  completely  mliclble  with  water.  Thli  Information  wai 
taken  from  the  letter  from  CmlC  Cml  and  Rad  Labi  to  the  CmlC 
Reiearch  and  Engineering  Command,  CmlC  (A4). 
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HXBJU2JLXJ1I 

A  .  Bibliography  and  Data 

1.  Porton  Tech.  Paper  28  (1947) 

k:  from  1.9?  per  hour  at  pH  1.3  at  28°C 

to  0.0171  per  hour  at  pH  3.8  at  26°C  (8  determination!) 

2.  TCIR  369  (1947) 

At  26°Ci  from  pH  1.8.  1 1  /  2  7.S  hour* 

to  pH  9.2,  tl/2"  0.6  min.  (6  determination!) 

3.  M  DR  132  (1948) 

At  26°Ci  from  pH  8.0,  tl/2«  47  hours 

to  pH  9.0,  tl/2  «■  6  hour*  (4  determination!) 

4.  MDR  147  (1948) 

6.  Porton  Tech.  Paper  78  (1948) 

k:  from  1.92  per  hour  at  pH  1.2  at  26°C 

to  30.0  per  hour  at  pH  10.7  at  26°C  (7  determinations) 

6.  MDR  220  (1949) 

At  22°C(  from  pH  7.3,  tl/2*  18.7  hours 

to  pH  10.0,  tl/2  *  0,0  78  hours  (9  determinations) 

7.  Porton  Tech.  Paper  160  (1950) 

At  25°C:  from  pH  6.0,  tl/2*  67  hours 

to  pH  8.9,  tl/2*  0.23  hours  (4  determinations) 

k  *  4.37*10*2  per  min.  at  lO^C  at  pH  11.3 

10.2  M0"!  per  min.  at  26°C  at  pH  11.3 

8.  Porton  Tech  Paper  278  (1962) 

9.  ETF  100-  29/Flnal  (Task  9)  Vol.  1,  2.3,6  (30  April  1964) 

8.  Selected  Value 

At  2 5 °C  (77°F)  and  pH  7.6,  the  half-life  of  hydrolysis  of  GB  Is 
23  hours. 
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Plicmilon 

The  Above  value  wai  taken  from  the  date  of  MDR  132  (A3),  The 
rate  of  hydrolyilt  of  GB  li  variable  with  pH  and  concentration.  The 
half-life  of  hydrolyilt  of  GB  in  an  unbuffered  lolution  was  determined 
to  be  30  houn  (A2).  GB  hydrolyiei  with  the  elimination  of  hydro¬ 
fluoric  acid. 
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EFFECIfi  QT  til,  A I  AJil?  BLAST 

A .  Bibliography 

1.  CRLR  3  (1951) 

2.  CRLR  13  (1961) 

3.  Porton  Technical  Paper  266  (1961) 

4.  Porton  Technical  Paper  266  (1962) 

6.  Kracka  and  DiPaola,  CRLR  report  in  preparation,  Project  4>-04- 16-007 , 
tubject:  Statui  Report,  Dineminatlon  of  Toxic  Agent  by  Thermal 
Generation  (1964  or  later). 

B.  Summary  o f  Data 

The  thermal  dec om poll tlon  of  GB  consists  of  two  simultaneous 
reactions:  I)  sn  autocataly tic  and  acid  catalysed  decomposition 
into  propane  and  methyl  fluorophosphinic  acid,  and  IX)  a  dispro¬ 
portionation  into  methyl  phosphonyl  dlfluorida  and  di-isopropyl 
methyl  phosphonate.  Reaction  1  shows  second  order  kinetics  and 
reaction  IX  first  order  kinetics.  The  velocity  constants  of  the  two 
reactions  are  as  follows  (A4): 


Temperature 

°C 

Reaction  I 
k  in  hours* 1 

Reaction  11 
k  in  hours* 1 

80 

0. 00370 

0. 000193 

90 

0.0118 

0. 000666 

100 

0.  0236 

0. 00168 

120 

0.  239 

0. 00766 

The  decomposition  of  GB  Is  complete  within  about  two  and  one-half 
hours  at  about  160°C  (300°F)  (A3). 

GB  decomposes  roughly  to  the  extent  of  about  10%  when  dissemi¬ 
nated  explosively  (Al)  and  about  30%  when  disseminated  by  thermal 
generation  (A  6). 
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CATEGORY  10 

STAglMTY  JJi  STORAGE.  ACHPH  QH  ME.IAUL 
Bibliography 

1.  PR  3762  (1002) 

2.  Porton  Technical  Paper  361  (1063) 

3.  Buckler  and  Crawford,  CRLR  report  In  preparation,  rubjecti  Corrorion 
by  and  Stablllaation  of  GB  (1064  or  later). 

Bumrpary 


GB  of  plant  purity  ma.y  be  itablllaed  by  tha  addition  of  one 
peicent  (by  weight  of  GB)  tri*  n- buty  lamina  in  axcan  of  tha  amount 
required  to  neutralise  the  apparent  acidity.  Thui  ttablllaad  It 
may  be  rtored  In  rteel  for  long  perlodi  of  time  at  tamperaturei  up 
to  71°C  (160°P)  with  not  more  than  6  to  10lk  dacompoil tion  (moit 
of  which  occur*  during  tha  first  month  or  two)  and  no  appreciable 
corrorion  (A3). 

Trl-n*butylamlne  and  trlsthylamine  appear  to  be  about  equally 
effective  at  ttabllieert  for  GB,  Trl  -  n- buty  lamina  It  uted  by  tha 
American!  while  trlsthylamine  it  preferred  by  the  Brltlth  (A1.A2). 

The  decomposition  of  unitabilised  GB  it  not  appreciably  greater 
than  that  of  stabilised  GB.  Unitabilised  GB  develops  undesirably 
high  pressures  within  a  few  weeks  after  storage  (A3). 
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latent  iULA-i  of.  vArpMa/-iiP.a 

A .  Bibliography  and  Data 

1.  TDMR  1163  (1946) 

IHvap  -11.9  kc al /mol  at  30°  to  57°C 

2.  Portcn  Technical  Paper  278  (1062) 

AMvap  -11.1  keal/mol  at  46°  to  80°C 

»•  YAilLU 

Latent  heat  of  vaporisation: 

(1)  11.9  keal/mol  (86.  0  c al /g)  at  20°C  (68°P) 

(2)  11.1  keal/mol  (79.3  cal/g)  between  46°  and  80°C  (113°  and  17B°P) 
C .  Plicunlon 


The  valuer  relected  In  paragraph  B  were  calculated  from  the 
Clauilui-Clapeyron  equation  and  the  vapor  ^renure  data  of  ETP  6801- 
1288  (category  13,  para  A,  Item  13)  and  Portcn  Technical  Paper  278 
( A 2) .  See  category  13,  para  C,  for  a  dlicunlon  of  the  vapor  prenure 
data  found  In  there  two  reportt.  Value  (Bl)  war  obtalnod  from  the 
following  equation  which  war  derived  from  the  data  of  ETF  660E-  1288: 


log  p  ■  9.  140 


2M1 

T 


(range:  -39°  to  28°C) 
(273.  2°K  -  0. 0®C) 


Value  (B2)  war  taken  from  the  data  of  Perton  Technical  Paper 
2V8,  The  H  at  the  BP  hat  not  been  calculated  due  to  lack  of  data. 
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KEIAT1VI  V Af OR  DENSITY* 


A .  Bibliography 
None 

*•  SilfSUd  V.llllt 

Relative  vapor  dcniltyi  4.  84  (theoretical  value) 


'Relative  vapor  density  ■ 


density  of  vapor  at  T  and  P 
density  of  air  at  T  and  P 
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A.  Bibliography  and  Data 

1.  CD  Report  5/18  73  (A.  2166)  (1045) 

p»  8  mm  Hg  at  6B°C 

2.  NDRC  Inf.  Rapt.  9*4-1,  N6  4  (1046) 

p-  1.  046  mm  Hg  at  26°C 

The  next  raport  of  thli  lariat,  NDRC  Inf.  Rapt.  0-4-1,  NS  5  (3), 
itatai  that  thli  value  li  not  correct. 

3.  NDRC  Inf.  Rapt.  0-4-1,  NS  6  (1045) 

Rademan  at  al,  J.  Am.  Cham.  Soc.  JLfi,  3604  (1948) 

p>  2.18  mm  Hg  at  25°C 
6.  26  mm  Hg  at  40°C 

Thaia  data  ware  uied  to  obtain  tha  following  aquatlom 
log  pm  0.80002  -  *  (range  i  28°  to  40°C) 

The  following  value  obtained  by  dlitlllatlon  li  alio  given; 

p*  16  mm  Hg  at  56.6°  to  67°C 
Thli  value  alio  appaari  In  TDMR  1163  (6), 

4.  OSRD  6301  (1045) 

Diitillation  data  ware  obtained  on  ilx  different  templet.  Pureit 
tample  yielded: 

p  ■  13  mm  Hg  at  47°C 

6.  OSRD  6400  (1046) 

Two  lamplci  were  diitilied  Into  two  fractloni  each.  Pureit 
fraction  yielded; 

p  -  16  mm  Hg  at  66.  6°  to  57°C 
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6.  TDM*  1163  (1946) 

By  trantference  method: 

pi  from  3.  23  mm  Hg  at  30.  0°C 

to  10.79  mm  Hg  at  60.0°C  (9  determination!) 

By  dlitillatlon  (thli  value  alio  appean  In  f.  Am.  Chem.  Soc. 

Ifl,  3604  (3)  )i 

p  «■  16  mm  Hg  at  66.6°  to  67°C 

The  following  equation  wai  detlved  from  the  above  data  (Includ¬ 
ing  the  dlitillatlon  value)  by  the  method  of  lean  iqvareii 

log  p*  9.0887  -  T —  (range:  30°  to  60°C) 

»y  italic  method; 

p  ■  52.  1  mm  Hg  at  79,  8°C 
54.4  mm  Hg  at  79.  8°C 

7.  Porton  Technical  Paper  28  (1947) 

Porton  Technical  Paper  62  (1948) 

Porton  Technical  Paper  78  (1948) 

p  -  8  mm  Hg  at  48°C 

THt  value  alio  appeari  In  Porton  Technical  Paper  29  (8). 

8.  Porton  Technical  Paper  29  (1947) 

Sample  01  8mm  Hg  at  46°C 

Sample  #2  7  to  8  mm  11  g  at  38°  to  40°C 

0.  SO/R/782  (  1  948) 

Dlitillatlon  data  obtained  on  ten  different  tampleii 

p:  from  10  mm  Hg  at  46°C 

to  30  mm  Hg  at  69°C  (10  determination!) 

10.  ETF  650F- 164  (1949) 

p«  8  mm  Hg  at  69°C 

11.  Porton  Technical  Paper  99  (  1  949) 

p  «■  13,6  mm  Hg  at  51°C 
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12.  Porton. Technic *1  Piper  166  (1660) 

Distillation  dita  ob t at on -tc ve n  different  tamplei: 

pi  from  6  mm  Hg  46°  to  46.  5°C 

to  12  mm  Hg  60.2°  to  50.  8°C  (?  determination!) 

13.  ETF  660 Ca -  1288  (166  1) 

p:  from  0.011  mm  Hg  at  -36.1°C 

to  3.36  mm  Hg  at  +28.3°C  (8  determination!) 

14.  Porton  Technical  Paper  278  (1062) 


Dlttlllatlon  data  obtained  on  four  different  lamplei.  Pureit 
fraction  yielded) 

p  ■  1.6  mm  Hg  at  20°C 

Distillate  wai  uiad  to  obtain  the  following  data  (liotenlicope 
method)  i 

pi  from  6.4  mm  Hg  at  46.  0°C 

to  53.2  mm  Hg  at  80.0°C  (8  determination!) 


The  author!  derived  :he  following  equation  from  theie  data  by 
the  method  of  lean  iquaren 


log  p  ■  8.6616 


2424.  6 

f 


(range:  46°  to  80°C) 
(273.  2°K  -  0.  0°C) 


The  following  data,  obtained  on  a  different  sample  by  meani 
of  an  affuilon  manometer,  are  alio  given: 


p;  from  0.74  mm  Hg  at  5.  6°C 

to  2,18  mm  Hg  at  19.5°C  (6  determination!) 


16.  Porton  Technical  Paper  336  (1663) 


Sample  contained  radioactive  phoiphoroui  (P32). 
p  ■  20  mm  Hg  at  80°C 

The  following  report!  contain  vapor  prenure  data  on  varloui  mixture!  of  GB 
with  other  compound!; 

16.  SO/R/783  (  1  048) 

GB/iiopropanol 
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17.  SO/R/809  (1951) 

GB/HC1 

18.  CRLR  178  (1953) 

601b  GB /501b  CX  p  —  2  mm  Hg  at  26°C 

19.  CRLR  322  (1954) 

501b  GB  /601b  CX  p  ■  2  to  3  mm  Hg  at  33°  to  34°C 

1  mol  GB/1  mol  CX  p  »  7  mm  Hg  at  59°C 

B.  Selected  Valuei 


Vapor  pressure: 


(1) 

0.010 

mm 

at 

-40  °C 

(-40  °F) 

(2) 

0.098 

m  m 

Hg 

at 

-18  °C 

(  0  °F) 

(3) 

0.  44 

m  m 

Hg 

at 

0  °C 

(  32  °P) 

(4) 

1.  96 

mm 

Hg 

at 

20.  0°C 

(  68.  0°F) 

(») 

1.  3 .  4 

mm 

Hg 

at 

51.  7°C 

(125.  0°P) 

(8) 

36.  6 

mm 

Hg 

at 

71.  1°C 

(160.  0°F) 

C.  Discussion 

ETF  550Ca  -  1288  (A13)  and  Porton  Technical  Paper  278  (A14) 
contain  what  appear  to  be  the  most  preclie  data  on  the  vapor  prenure 
of  GB  that  have  been  reported  to  far.  The  data  of  there  two  report! 
are  In  excellent  agreement. 


The  following  equation  wai  derived  from  the  data  of  ETF  560Ca 
1288  by  the  method  of  least  iquarai; 


log  p  m  9.140 


2594 

T 


I 


range:  -39°  to  28°C) 
273.  2°K  -  0. 0°C) 


This  equation  was  used  to  calculate  valuei  (Bl)  through  (B4).  It 
does  not  appear  anywhere  else  In  the  claiilfied  or  unclassified 
chemical  literature. 


Values  ( B 5)  and  (B6)  were  calculated  from  the  following  equation 
which  was  derived  by  the  authors  of  Porton  Technical  Paper  278 
from  the  data  which  they  obtained  by  the  lsoteniscope  method  (A14): 


log  p  »  8.5916 


2121,  5 

T 


(range:  45°  to  80°C) 
(273.  2° K  m  0.  0°C) 


SECRET 


2.  123 


SECRET 


OB-  14 


VOLATILITY  LH  ATMOSPHERIC  AIR 


Blbllogr  aphy 
None 


S.tlJLSlBd  VLi.Ut.I 

Volatility  In  atmoipheric  alrt 


(1) 

0. 0006 

X 

10*  mg/m3 

at 

-  40  °C 

(-40  °F) 

( 

0.  010 

mm 

Hg) 

(2) 

0.  084 

X 

10*  rng/m3 

a  t 

-18 

°C 

(  0  °F) 

( 

0. 000 

mm 

Hg) 

(3) 

0.  36 

X 

1 0 4  mg/m3 

at 

0 

°C 

(32  °P) 

( 

0.  44 

mm 

Hg) 

(4) 

1.  60 

X 

10*  mg/m3 

at 

20. 0°C 

(  68 .  0°F) 

( 

1.  96 

mm 

Hg) 

(5) 

0.  25 

X 

10*  mg/m3 

at 

61.  7°C 

(126.  0°F) 

(13.4 

mm 

Hg) 

(8) 

23.  1 

X 

1 0 4  mg/m  3 

at 

71.  1°C 

(180.  0° F) 

(36.  6 

mm 

Hg) 
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ODOR  median  detectable  concentration 

Bibliography 

1.  Porton  Technical  Paper  74  (1940) 

2.  Porton  Memo  39  (1900) 

3.  MLSR  33  (1903) 

Plicunlon 

1.  Odor  cannot  be  definitely  detcrlbed  but  the  sensation  of  detection 
li  unmlitakable  (A3).  Some  observer!  claimed  It  to  be  "sweet  or 
fruity"  but  none  were  able  to  recognize  it  again  since  the  odor  Is 
so  wea't  (Al). 

2.  Median  detectable  concentration  by  odor  is  16  mg/m3  (A3). 
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TOXICITY  II  INHAL/TION 


Bibliography 

M LSR  33  (1963) 

Dlicm.lon 

1.  LCt80  for  a  railing  mam  100  mg.  mln/m3  (timai  3  to  10  mlnuiai, 
bated  on  body  weight,  intravenous  injection,  and  agent  retention 
in  animal  bodies). 

LCtgo  for  active  mam  36  mg.  min/m3  (timei  3  to  10  minutei,  bated 
on  retpiration  rate  being  four  timet  fatter). 

3.  ICtgQi  16  to  40  mg.  min/m3  or  for  a  defentive  calculation,  a  value 
of  6  to  10  mg.  min/m3  should  be  considered. 

3.  GB  cauiet  br  one  hoc  on  it  r  1  c  tl  o  n . 

4.  No  data  on  the  chronic  toxicltiet  of  GB. 
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1XJL  TOXICITY 


Bibliography 

1.  MDRR  18  (1960) 

a.  Porton  Memo  39  (I960) 

3.  M SLR  23  (1963) 

OUcmilfln 

It  ii  estimated  that  3.  5  mg  of  liquid  in  the  eye  conitltutei  a 
lethal  dote  for  man. 

The  eye  effecti  produced  by  expoiure  to  low  doiagei  are  man¬ 
ifestly  due  to  local  action  of  the  vapor  on  the  eye,  tince  they  occur 
to  the  lame  extent  in  men  whoie  respiratory  passages  are  protected 
by  oronasal  respirators  as  in  unprotected  men,  and  do  not  result  if 
the  observers  wear  close-fitting  goggles,  but  are  otherwise  unprotected. 

4 

Threshold  symptoms  with  vapor-  1.4  to  4.6  mg,  mln/m'  (time* 

6  to  6  minutes). 

3 

Harassment  exposure  with  vaport  6.6  to  11.6  mg.  mln/m 
(time  -  6  to  B  minutes  for  unprotected  personnel). 

No  Increase  in  severity  of  eye  effects  with  vapor  in  range  14 
to  46  mg.  mln/m  *  for  personnel  protected  only  by  oro-nasal  respir¬ 
ators. 
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ORAL  TOXICITY 


A.  Bibliography 

1. 

MDRR  18 

(1960) 

2. 

MDRR  14 

(1960) 

3. 

MLSR  23 

(1963) 

B.  Plicuitlon 

An  LD#0  of  0.14  mg/kg  (9.6  mg/70  kg  man)  carriei  cumulative 
effacti  which  1  a  a  t  for  a  period  of  dayi. 

Water  with  mere  than  0.6  parti  per  million  cannot  be  conildered 
potable . 
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&£1£  IPXICIXX  A2U2  CLflTHINfi  fiMIIRATlPM 

A .  Bibliography 

1.  ML8R  23  (1663) 

2.  Chemical  Corpi  Board  Study  13-62,  Appandlx  B  (1662) 

*•  Plicunlon 

1.  For  vapor  GBi  Estimation  of  ikin  panatration  undar  tamparata 
condition*  i 

LCtgo  •  16,000  mg.  min/m3 

lCt60i  8,  000  mg. min/m3 

2.  Liquid  GBi  Bared  on  depilated  animalit 

LDfi0;  1.6  gm/70  Kg  man  (20  mg/kg) 

1Drai  not  citlmatad. 

3.  Liquid  GB  doer  not  injure  the  ikin  but  panetratai  rapidly  and  poiront 
the  body. 

4.  Permeable  clothing  glvai  from  two  to  three-fold  protactlon  regardlen 
of  the  type  of  cloth,  the  number  of  layan  and  whether  or  not  it  war 
impregnated  with  CC2. 

Generalisation:  Each  layer  of  cloth  doublai  the  LDjq  of  liquid  GB. 
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IPEED  OF  ACTION 


A.  Bibliography 

1.  MDR  201  (1949) 

2.  TCIR  Ole  (I960) 

B .  Discussto  n 

1 .  Exposure  to  vapor i 

Incapacitation  within  ona  hour  after  axpoiura  to  casualty  doiei 
(Al).  Estimated  time  for  incapacitation  aftar  axpoiura  for  unpro¬ 
tected  troopi,  total  axpoiurat  10  lacondi  to  6  minutes. 

2.  Liquid  doiasi 

Estimated  time  for  Incapacitation  by  means  of  skin  contamination 
Is  20  minutai.  It  may  be  expected  that  lethal  doses  will  kill  within 
a  f  c  w  minutes , 
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DETOXICATION  Hi  131  BODY 


Bibliography 

1.  MDRR  18  (1960) 

2.  MLRR  114  (1963) 

MDRR  229  (1963) 

Discussion 

Kate  of  detoxication  in  man  it  very  low,  A  dote  of  0,008  mg/Kg 
cannot  be  completely  detoxified  in  8  houri.  A  tingle  dote  of  0,008 
mg/kg  producei  no  observable  effect.  However,  if  thli  dote  it  re¬ 
peated  at  8  hour  Interval!,  tigni  of  polionlng  appear  after  the  fourth 
dote.  The  regression  of  symptoms  indicates  detoxication  or  compen¬ 
satory  adjustment  by  the  body.  The  cumulative  effect  indicates  that 
the  rate  of  detoxication  it  lets  than  0.008  mg/kg/8  hours. 
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MEDICAL  mi.IJtClIV.E  01  FIRST  AJD  MEASURES 
Bibliography 

TM  8-285,  Treatment  of  Chemical  Warfare  Caiualtiei. 

D  i «  c  u  |  ti  jLB 

In  the  treatment  of  GB  caiualtiei,  ipeed  of  treatment  li  of 
the  euence.  Caiualtiei  ihould  be  removed  from  poiiiblllty  of 
further  contamination  if  poulble  and  given  an  immediate  in¬ 
jection  of  atropine  and  lubjected  to  artificial  reiuicitatlon.  Pretent 
thought  li  that  atropine  injection  alone,  while  helpful  in  caiei 
of  mild  expoiure,  it  of  little  value  in  more  levere  expoiure  unleii 
artificial  reiuicitatlon  it  applied.  Either  of  theie  treatment!  alone 
li  helpful  but  the  combination  of  the  two  hai  more  than  the  additive 
value.  Thorough  familiarisation  with  the  tubject  in  reference 
TM  8-  285  li  itrongly  recommended. 
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A.  llbllography 

1.  Initruccioni  •  Kit,  Chemical  Agent  Analyser,  M10A1,  Use  of  (27  April 
1964). 

2.  Initructlont  -  Kit.  Chemical  Agent  Detector,  M9A2. 

3.  Initructlont  -  Kit,  Water  Teitlng,  Poisons  M-2  (14  July  1962). 

4.  TM  3-216,  Military  Chemlitry  and  Chemical  Agent*. 

6.  TM  3-290,  Individual  Protective  and  Detection  Equipment. 

6.  TM  8*206,  Treatment  of  Chemical  Warfare  Caiualtles. 

8.  lummiiy 


Objectively,  G8  Is  detected  by: 

(1)  Detector  kit  (M9A2).  A  greenish  blue  ring  appears  In  white 
dot  tube  after  wetting  with  solution  from  green  top  bottle.  (Note: 
This  Is  a  general  test  and  will  he  positive  for  C-agents  and/or 
CK)  (A 2). 

(2)  Analyser  kit  (M1QA1).  The  standard  test  (Al)  which  contains 
granules  from  a  white  dot  tube  which  are  treated  first  with  a 
solution  of  O-DM  and  then  a  solution  of  PER.  An  orange  or  *mber 
color  in  the  solution  Indicates  the  pretence  of  G-agentt  tor  CK). 

(3)  Water  testing  and  screening  (AN-M2).  Nerve  gases  are  de¬ 
tected  by  a  color  reaction  and  extraction  of  the  color  by  an 
Immiscible  solvent  (A6). 

(4)  Water  testing  kit,  poisons  (M4).  This  kit  enables  quantita¬ 
tive  determination  of  G-agentt  (A3). 

(6)  Food  testing  and  screening  (ABC-M3),  The  nerve  gases  are 
Identified  by  their  reaction  with  two  special  chemicals  to  pro¬ 
duce  an  orange  or  yellow  color  (A6). 

(6)  Vesicant  detector  crayon  (M7,  M7A1).  Drops  of  liquid 
G-agent  cause  pink  crayon  markings  or  dust  to  turn  yellow  (A6). 

(7)  Liquid  vesicant  detector  paint  (M6).  Surfaces  painted  with 
detector  paint  show  a  change  In  color  from  olive  green  to  red 
when  contaminated  by  drops  or  splashes  of  G-agentt  (A5). 
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(8)  Liquid  vesicant  detector  paper  (M6)  (A5). 

Subjectively,  GB  ii  detected  by; 

(1)  Odor  -  none  in  pure  state  (A4). 

(2)  Physical  appearance  -  colories,  liquid  vaporising  to 
form  colorless  gas. 

(3)  Physiological  symptoms  -  vapors  may  cause  nausea, 
vomiting,  and  dlarreha  followed  by  muscular  twitching  and 
convulsions.  Even  in  low  concentrations,  vapor  causes  pupils 
to  contract,  and  vision  becomes  difficult  in  dim  light  and 
headaches  may  result.  A  sente  of  tightness  In  the  chest  may 
be  noticed.  Contraction  of  the  pupils  may  not  appear  at  a 
warning  sign  of  liquid  penetration  (A4,  A8) 
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A.  Bibliography 

1.  TM  3*215,  Military  Chamlitry  and  Chamlcal  Agents  (Augutt  1952), 

2.  TM  3*290,  Individual  Protective  and  Detection  Equipment 
(September  1963). 

3.  TM  6-285,  Treatment  of  Chemical  Warfare  Casualties  (August  1961). 

B.  Summary 


Protection  against  GB  may  be  afforded  by  the  use  of  the  protec¬ 
tive  mask.  Impermeable  protective  clothing  Is  required  for  protec¬ 
tion  against  liquid  G-agents  (A1.A3).  Protective  dubbing  Is  also 
used  (A2). 
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A .  Bibliography 

1.  TM  3-216,  Military  Chemiitry  and  Chemical  Agenti, 

2.  TM  3-220,  Decontamination 

3.  TM  0-286,  Treatment  of  Chemical  Warfare  Caiualtlei. 

B.  Summary 


Por  penonnel,  soap  and  water  rather  than  protective  ointment 
are  uied  for  removing  liquid  contamination.  Immediate  and  thorough 
action  ii  necenary  in  removing  nerve  gaiei  (A2).  The  following 
fluids  are  more  tatltfactory  than  toap  and  water  and  should  be  used 
If  available : 

(1)  A  slurry  of  one  part  bleach  In  three  parti  of  water. 

(2)  A  five  to  ten  per  cent  solution  of  sodium  carbonate. 

(3)  A  five  to  ten  per  cent  solution  of  ammonium  hydroxide. 

(4)  A  two  per  cent  solution  of  sodium  hydroxide. 

If  water  alone  Is  available,  blot  the  excess  liquid  off  the  skin, 

then  soak  a  fresh  cloth  with  water  and  scrub  the  area  turning 

the  cloth  with  each  bit  of  scrubbing  to  expose  a  clean  surface. 

If  a  splash  of  liquid  nerve  gas  should  get  Into  the  eye,  It  should 

be  flushed  out  immediately  with  water  (A3). 

Por  materiel  and  areas,  In  the  case  of  liquid  contamination, 
aeration,  hot  soapy  water,  bleach  slurry,  and  solutions  of  commerci¬ 
ally  available  alkalis,  such  as  caustic  soda  and  soda  ash  (A2).  In 
confined  areas,  steam  and  ammonia  are  effective  (Al). 
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CATEGQtlLi. 

secondary  SOURC II  Qi  LNPP QP 

Reader.  de.lring  Information  on  GD  which  i.  beyond  the  .cope  of  thl.  document 
may  find  the  following  work,  of  great  value. 

With  Bibliography 

CRLR  130  (revl.etl)  (1953) 

ETF  100. 96  (1948) 

ETF  107-3  (1948) 

ETF  650E-  8327  (1961) 

MDK  169  (1948) 

MLSR  23  (1963) 

Porton  Memo  35  (1950) 

TC1R  481  (1949) 

TCR  38  (1949) 
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NAME,  PORMULA,  MOLECULAR  WEIGHT 


Bibliography 

None 


Summary 

1.  Technical  name: 

2.  Common  name: 

3.  Chemical  formula: 

4.  Molecular  weight ; 
PllfiUHlgn 


1,2,2  ■  Trlmethy lpropylmethyl  phoiphono- 
fluorldate  or  Fluoromerhy  lpinacolyloxyphoi- 
phlne  oxide 


Soman  (German) 


C^HigFOjP  or 


F  CH,CH, 

i  i  i 

CH3-  P—  O-CH-C—  CHg 

II  I 

o  CH3 


1B2.  16 


Thli  compound  may  alio  be  found  in  the  claulfied  literature 
under  the  following  coda  numbern 

EA  1210 

T-2107  (Brltlih) 
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CATEGORY  3 

PHYSIOLOGICAL  ACTION.  TACTICAL  USE,  STATUS. 
~  RUSSIAN  INTEREST 


A  Bibliography 
Nope 

B .  Summary 

1.  Phyilologlcal  actions 

Nerve  gai 

2.  Tactical  uie  s 

GD  may  be  nied  at  a  non*  pertinent  tpray  or  periittont  ground 
contaminant.  It  it  very  effective  in  producing  Immediate 
caiualtlei. 

3.  Status: 

None 

4.  Runian  interests 

The  Runiani  probably  have  tome  knowledge  of  thii  agent  due  to 
the  fact  that  much  information  on  German  nerve  gat  reiearch 
fell  into  their  hand*  when  Germany  wa*  Invaded  during  World 
War  II.  Whether  or  not  they  have  this  agent  in  production  it 
not  known. 
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EJiX&lSLA I  STATE,  MEETING  POINT.  BUimiii  POINT 

A.  Bibliography  and  Data 

l'DMR  1292  (1947) 

PP  li  not  readily  determinable.  Compound  formed  a  gian  but 
did  not  crystallise  at  the  temperature  of  tublimlng  carbon 
dioxide  ( -  7 8°C) . 

BP*  167°C  (calculated;  category  13) 

B.  Summary  of  Data  and  Selected  V  aluct 

1 .  Phy  deal  itate  : 

Pure  GD  li  a  colorleu  liquid  of  low  volatility  at  room 
temperature . 

2.  Melting  point: 

Not  readily  determinable. 

3.  Normal  boiling  point: 

Compound  beglm  to  decompote  rapidly  at  about  160°C  (300°F). 
Theoretical  BP:  160°  to  170°C  (320°  to  340°F)  (obtained  by 
extrapolation  of  vapor  pressure  data). 
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smm  i 

LIQUID  PiKSLU 


A.  Bibliography  and  Data 

TDMR  1292  (1941) 

d  1.0363  g/cm3  at  10°C 
1  .  0222  g/em3  at  2F°C 
1.  0130  g/cm3  at  36°C 
0.  9990  g/cm3  at  60°C 

»•  Saloc  tod  VjlUAl 


Liquid  damltyi 


(1) 

1.08  g/cm 3 

at 

-40°C 

(-  40°P) 

(2) 

1 . 046  g/c  m® 

at 

0°C 

(  32°P) 

<3) 

1.  027  g/cm3 

at 

20°C 

(  68°P) 

(4) 

0.980  g/cm  3 

at 

71°C 

(160°P) 

C.  Dlicunlon 

TDMR  1299  contain!  tba  only  donilty  data  avallabla  for  tbli 
compound.  Thaia  data  wara  plotted  on  »  domlty-tomporatura  graph 
and  values  (Bl)  through  (B4)  wore  obtalnoo  tharafrom  by  olthor  Inter* 
polatlon  or  eatrapolatlon.  Although  tha  data  In  tho  original  raport 
aro  given  to  fiva  significant  flgurai,  thay  ara  not  conildarad  by 
tho  authon  to  ha  accurata  to  mora  than  four.  Tha  valuai  in  para¬ 
graph  B.  axcaptlng  (Bl)  ara  glvan  to  four  significant  flgurai,  tharafora, 
Valua  (Bl)  wai  obtalnad  by  aatrapolatlng  tha  data  ovar  a  tamparatura 
ranga  of  fifty  dagroai.  An  oatrapolatlon  of  thli  magnitude  wai  not 
conildarad  pontbla  without  Introducing  appraclabla  arror  into  tha 
fourth  significant  figure  of  tha  valua. 
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SOLUBILITY  Hi  ORGANIC  BJ?JlYJlNT? 


Blbllogra  p_h_y 
None 
Summary 

No  data  avallabla .  The  .olubllity  of  GD  In  organic  tolvanti  li 
probably  vary  ilmllar  to  that  of  Gl, 
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IQi-LUUJLXY  IN  W  AJfiR 

A.  Bibliography  and  Data 

Sacond  Ind,  CMLRE-CR  (CP),  proj  4-0G-03-  005,  Cml  C  Cml  and  Rad 
Labi  to  CmlC  Research  and  Engineering  Command,  12  June  1962, 
subject!  "Water  Solubility  of  G-agents,"  on  letter,  CMLEK*  A , 
Chemical  Corps  Board,  29  April  1962. 

Solubility  «■  3.4  g  GD/lOOg  solution  at  0°C 
2.  1  g  GD/lOOg  solution  at  20°C 


( 


B.  Summary  of  Data 


The  solubility  of  GD  In  water  Is  21g  GD/lOOOg  solution  at 
20°C  (68°P). 


f 
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CATEGORY  8 

HA1'  ■  IT..  . 

JilJMfltXiU 


A.  Bibliography  and  Data 

1.  TCIR  373  (1947) 

At  2A°Ci  from  pH  2  ,  tl/2  — ■  3  hour* 

to  pH  10  ,  tl/2 —  60  hour*  (6  datarmlnatiom) 

At  37°C:  pH  7.4,  tl/2—  1.76  hour* 
pH  7.4,  tl/2  ■  1.0  houri 

2.  TCIR  393  (1947) 

TCIR  465  (1949) 

at  2 6 0 C t  pH  2,  k  *  0.  214  pat  hour 

3.  Porton  Tach.  Papar  79  (1948) 

k;  from  2.81  par  hour  at  pH  1.1  at  25°C 

to  22.0  per  hour  at  pH  10.7  at  26°C  (8  determinations) 

b  .  £a1!s_LH!!  YjlLujl 

At  2 6°C  ( 7 7° F)  and  pH  6.66,  tha  half-life  of  hydrolysis  of  GD 
is  46  hours. 

C.  PlHHUlon 

The  above  va  a  was  taken  fromthv  data  of  TCIR  373  (Al).  The 
rate  of  hydrolysis  of  GD  is  variable  with  pH.  GD  hydrolyses  with 
the  elimination  of  hydrofluoric  acid.  The  hydrolysis  of  0.3  to  1.07b 
solutions  of  GD  is  substantially  complete  in  twelve  to  fourteen  hours, 
with  half-hydrolysis  being  achieved  in  four  to  ten  hours  (A3).  In 
t>%  sodium  hydroxide  solution,  hydrolysis  was  complete  in  less  than 
five  minutes  (A  1). 
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EFFECTS  OP  HEAT  A£J  D  6UJLT 


Blbllogra phy 

ETF  560  E-  8327  (1961) 

Summary 


The  thermal  decomposition  of  GD  li  ilmllar  to  that  of  GB. 
heating  to  about  150°C  (300°P)  It  pyrolyees  Into  methyl  fluoro 
phoiphlnlc  acid  and  Isohexylene. 

No  data  found  on  Iti  stability  to  explosive  dissemination. 
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UAJ1UTY  LE  STORAGE,  ACTION  ON  METALS 


llbliograph! 


None 


Summat; 


The  itablllaatlon  of  GD  In  itoiegc  could  probably  be  accomplished 
by  the  tame  method  that  li  used  for  GB. 
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CATEGORY  11 


LATENT  HEAT  OF  VAPORIZATION 
A  .  Blbllogta p h y  and  Data 

1.  TDM  R  1292  (1947) 

=.14.3  kcal/mol  at  25°  to  60°C 

2.  Porton  Technical  Paper  341  (1963) 

AHvttp  ;  1 4 ,  2  kcal/mol  at  2S°C 
I.  Selected  Value 

o  o 

Latent  heat  of  vaporisation  at  20  C  (68  F) : 

14.  3  kcal/mol  (78.  6  cal/g) 

C.  Blumilgn 

The  4H  given  in  TDMR  1292  wii  (elected  In  paragraph  B  became 
the  vapor  pranure  data  from  which  It  wai  calculated  were  considered 
the  belt  available  (lee  category  13).  Actually,  the  two  values  that 
have  been  reported  (paragraph  A)  are  In  such  good  agreement  that  It 
makes  little  difference  which  Is  selected. 

The  selected  value  is  given  at  20°C  for  the  sake  of  uniformity. 
The  error  introduced  by  anumlngAH  to  be  constant  between  20° 
and  60 °C  Is  probably  much  less  than  the  experimental  error  of  the 
vapor  pressure  data. 
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CATEGORY  12 

RELATIVE  VAPOR  DENSITY* 


A .  Bibliography 
Non* 

»•  itll£Lli  Vila* 

Relative  vapor  deniity:  6.30  (theoretical  value) 


’Relative  vapor  density  — 


d  e  n  sj, tv  of  vapor  at  T  and  P 
density  of  air  at  T  and  T 
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GDIS 


YAEQR  pressure 


Itbllogr aphy  and  Data 

1.  TDMR  1292  (1947) 


Dy  traniference  method  - 

o 

pi  from  0.293  mm  Hg  at  26  C 

to  1.  96  mm  Hg  at  60°C  (13  determination!) 


The  author*  derived  the  following  equation  from  the  above  data 
by  the  method  of  lean  iquaret: 


log  p  -  9.  9877 


3129 


(rangei  26°  to  50°C) 
(273.  2°K  —  0. 0°C) 


The  following  value  wat  obtained  by  vacuum  dlitlllatlon  li  alio 
given  In  the  report: 

p  m.  23  mm  Hg  at  92°C 


2.  TDMR  1314  (1947) 

p  =  10  mm  Hg  at  78°  to  7P°C 

3.  Porton  Technical  Paper  29  (1947) 

Sample  #1  p  *  6  mm  Hg  at  66°C 

Sample  #2  p  ■  8  to  9  mm  Hg  at  74°C 

4.  Porton  Technical  Paper  99  (1949) 

Porton  Technical  Paper  166  (1960) 

p  1 1  mm  Hg  at  79°C 

6.  Porton  Technical  Paper  335  (1963) 

Sample  contained  radioactive  phoiphoroui  (P32) 

p  -  5  mm  Hg  at  80°C 
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6.  Porton  Technical  Paper  341  (1083) 


By  cffuilon  manometer  - 

pi  from  0.33  mm  Hg  at  20°C 

to  1.16  mm  Hg  at  36°C  (6  determination!) 


B. 


The  following  equation  wai  derived  from  these  data  by  the 
method  of  leait  squares: 


log  p  ■“  10.  108  - 
Selected  Valuei 


(range  i  90°  to  3l6°C) 
(273.  2°Km  0.0°C) 


Vapor  prenure: 


(1) 

0.  034 

mm 

Hg 

at 

0°C 

(  32°F) 

(2) 

0.  20 

mm 

Hg 

at 

20°C 

(  68°F) 

O) 

2.  2 

mm 

Hg 

at 

82°C 

(126°F) 

(4) 

7.  9 

mm 

Hg 

at 

7 1°C 

(160°F) 

C.  Dlscuiilon 


T  DM  ft  1292  (Al)  end  Porton  Technical  Paper  341  (At)  contain  the 
only  preclie  vapor  prenure  data  that  have  bean  reported  on  OD  to  date. 
The  data  of  both  report!  were  plotted  on  a  log  p  vi.  1/T  graph.  Al¬ 
though  the  two  inti  of  data  have  elmoit  Identical  ilopei  (tee  category 
11),  their  poiltioni  on  the  graph  were  found  to  be  considerably  differ¬ 
ent.  The  distillation  data  that  are  available  were  plotted  In  an  effort 
to  verify  the  data  of  one  or  the  other  report.  All  of  the  distillation 
data  (including  those  reported  by  the  British)  corroborated  the  deta 
of  TDMR  1292.  An  extrapolation  of  the  Porton  data  failed  to  pass 
through  any  of  the  distillation  points.  The  values  given  In  para¬ 
graph  B  therefore  were  taken  from  the  TDMR  report.  They  were 
calculated  from  the  following  equation  which  was  derived  from  the 
TDMR  data  by  the  method  of  least  squares  (Al). 


log  p  ~  9.8877 


3129 


(range:  28°  to  50°C) 
(273.  2° K  *r  0.  0°C) 


Values  (Bl)  through  (B4)  were  all  obtained  by  extrapolation  of  the 
data;  (Bl)  and  (B4)  are  probably  the  least  accurate  of  the  four  due 
to  the  larger  extrapolations  involved  In  their  calculation. 

No  values  were  obtained  at  temperatures  below  0°C  because  of 
the  lack  of  data. 
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VOLATILITY  UL  AXMttUt JURIS  AIA 

A .  Bibliography 

None 

B.  Selected  Valuer 

Volatility  In  atmoipherlc  a  1  r t 

(1)  0.3d  x  103  mg/m3  at  0°C  (  32°P)  (0.034  mm  Hg) 

(2)  2.0  x  103  mg/m3  at  20°C  (  68°F)  (0.20  mm  Hg) 

(3)  20.  x  103  mg/m3  at  62°C  (125°P)  (2.2  mm  Hg) 

(4)  65.  x  103  mg/m3  at  71°C  (1C0°F)  (7.9  mm  Hg) 
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ODOR  AjfcLP  H£.P1AN  DETECTABLE  CONCENTRATION 
A .  Blbllo gt a p  hy 

1.  ETP  650C-  6047  (1947) 

2.  Porion  Technical  Paper  74  (1948) 

: 

3.  MDRR  8  (1950) 

3-  PiJ<U'M>on 

1.  The  odor  li  deicrlbed  at  being  tweet  or  fruity  or  muity. 

2.  Median  detectable  concentration  It  7  ?  2,4  mg/m  (A3), 


i 


J 
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CATEGORY  16 

TOXICITY  II  INHALATION 

Bibliography 

Porton  Memo  34  (1040) 

PI  ic  mil  on 

1.  LC t g ,,  for  GD  li  about  1  0 %  more  toxic  than  GB. 

LCt  f  n  for  GD  li  180  to  270  mg/m3  (time  li  10  minutei)  bated  on 
a  nlm  a  1  data. 

2.  No  data  found  for  the  median  Incapacitating  dote  for  GD. 

3.  GD  cauiei  br  o  nc  hoc  on  i  tr  1  c  t  i  on  . 

4.  No  data  found  on  the  chronic  toxlcltlei  of  GD. 
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CATEGORY  17 


No  d*t»  found . 
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GD-  18 


No  d«  t  *  found. 


G&AJk  TOXICITY 
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SKIN  TOXICITY  AAJ2.  CLP  THING  P.ENJXBAXLQN 
Bibliography 

1.  ETF  580G  -  1736  (1949) 

2.  ETF  550-611/7  (1952) 

Pltcunlon 

One  drop  on  the  ikln,  eipecially  on  the  face,  of  liquid  GD  muit 
be  regarded  ai  fatal  (Al), 

No  effecti  In  man  ware  obierved  with  the  application  of  30  mg. 
liquid  GD  to  the  ikln  (A2). 
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CATEGORY  20 

$2UD  QF  ACTION 

No  data  found, 
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CATEGORY  21 

CLO.fi X,1£AX19H  in  Tii6  ttJfiPJ. 
data  found. 
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MEDICAL  PROTECTIVE  OR  FIRST  AID  MEASURES 

A .  Bibliography 

TM  8-205,  Treatment  of  Chemical  Warfare  Caiualtiei 

B.  Dlicuitlon 


In  the  treatment  of  GD  caiualtiei,  ipeed  of  treatment  li  of  the 
euence,  Caiualtiei  ihould  he  removed  from  potilblKry  of  further 
contamination  If  ponlble  and  given  an  Immediate  Injection  of 
atropine  and  tubjected  to  artificial  reiuicltatlon.  Preient  thought 
ii  that  atropine  injection  alone,  while  helpful  In  caiei  of  mild  ex- 
poiure,  ii  of  little  value  In  more  tevere  expoiure  unlen  artificial 
reiuicltatlon  ii  applied.  Either  of  theie  treatmenti  alone  ii  help¬ 
ful  but  the  combination  of  the  two  hai  morn  than  the  additive  value. 
Thorough  familiarization  with  the  lubject  In  reference  TM  8-286 
li  itrongly  recommended. 
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Bibliography 

1.  Instructions  -  Kit,  Chemical  Agent  Analyzer,  M10A1,  Use  of 
(27  April  1954). 

2.  Imtructloni  -  Kit,  Chemical  Agent  Detector,  M9A2. 

3.  Imtructloni  -  Kit,  Water  Testing,  Polioni  M-°  (14  July  1952). 

4.  TM  3-  290,  Individual  Protective  and  Detection  Equipment. 

5.  TM  8-285,  Treatment  of  Chemical  Warfare  Casualties. 
Summary 


Objectively,  GD  is  detected  by: 

(1)  Detector  kit  (M9A2).  A  greenish- blue  ring  appears  In  white 
dot  tube  after  wetting  with  solution  from  green  top  bottle.  (Note: 
This  is  a  general  test  and  will  be  positive  for  G-agents  and/or 
CK)  (  A 2)  . 

(2)  Analyzer  kit  (M10A1),  The  standard  tost  (Al)  which  contains 
granules  from  a  white  dot  tube  which  are  treated  first  with  a 
solution  of  O-DN  and  then  a  solution  ot  PER.  An  orange  or  amber 
color  In  the  solution  Indicates  the  presence  of  G-agents  (or  CK). 

(3)  Water  testing  and  screening  (AN-M2).  Nerve  gases  are 
detected  by  a  color  reaction  and  extraction  of  the  color  by  an 
Immiscible  solvent  (AS). 

(4)  Water  testing  kit,  poisons  (M4).  This  kit  enables  quantita¬ 
tive  determination  of  G-agents  (A3). 

(5)  Pood  testing  and  screening  (ABC-M3).  The  nerve  gases  are 
Identified  by  their  reaction  with  two  special  chemicals  to  produce 
an  orange  or  yellow  color  (A5). 

(6)  Vesicant  detector  crayon  (M7,  M7A1).  Drops  of  liquid 
G-agents  cause  pink  crayon  markings  or  dust  to  turn  yellow  (A4). 

(7)  Liquid  vesicant  detector  paint  (M5).  Surfaces  painted 
with  detector  paint  show  a  change  In  color  from  olive  green  to 
red  when  contaminated  by  drops  or  splashes  of  G-agents  (A 4). 
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(8)  Liquid  vesicant  detector  paper  (M6)  (A4). 

Subjectively,  GD  it  detected  by: 

(1)  Odor  -  GD  her  a  fruity  odor;  with  impurities,  it  hat  an 
odor  of  camphor. 

(2)  Physical  appearance  -  colorless  liquid  vaporising  to  form 
colorless  gas. 

(3)  Physiological  symptoms  -  vapors  may  cause  nausea,  vomiting 
and  diarreha  followed  by  muscular  twitching  and  convulsions. 

Even  in  low  concentrations,  vapor  causes  pupils  to  contract,  and 
vision  becomes  difficult  in  dim  light  and  headaches  may  result. 

A  sense  of  tightness  In  the  chest  may  be  noticed.  Contraction 
of  the  pupils  may  not  appear  as  a  warning  sign  of  liquid  penetra¬ 
tion  (A4,  A 6) . 
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PROTECTION 


A.  Bibliography 

1.  TM  3-216,  Military  Chemlttry  and  Chemical  Agent*. 

2.  TM  3-  290,  Individual  Protective  and  Detection  Equipment, 

3.  TM  8-  286,  Treatment  of  Chemical  Warfare  Caiualtle*. 

B.  Summary 


Protection  agalnit  GD  may  be  afforded  by  use  of  the  protective 
maik.  impermeable  protective  clothing  1*  required  for  protection 
agalnit  liquid  G-agent  (Al,  A3),  Protective  dubbing  1*  alio  uied 
(A2). 
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A .  Blbltogr  aphy 

1.  TM  3-215,  Military  Chcmlitry  and  Chemical  Agent*. 

2.  TM  3-  220,  Decontamination 

3.  TM  8-285,  Treatment  of  Chemical  Warfare  Caiualtlei. 

B.  Summary 

For  pcrionnel,  toap  and  water  rather  than  protective  ointment 
are  uied  for  removing  liquid  contamination.  Immediate  and  thorough 
action  it  necenary  In  removing  nerve  gate*  (A2).  The  following 
fluidi  are  more  tatiifactory  than  loap  and  water  and  ihould  be  used 
If  avallablei 

(1)  A  ilurry  of  one  part  bleach  In  three  part*  of  water. 

(2)  A  five  to  ten  per  cent  tolutlon  of  lodlum  carbonate. 

(3)  A  five  to  ten  per  cent  tolutlon  of  ammonium  hydroxide. 

(4)  A  two  per  cent  tolutlon  of  lodlum  hydroxide. 

If  water  alone  it  available,  blot  the  exoen  liquid  off  the  ikin, 
then  soak  a  freih  cloth  with  water  and  icrub  the  area  turning  the 
cloth  with  each  bit  of  scrubbing  to  expose  a  clean  surface.  If 
a  splash  of  liquid  nerve  gas  should  get  Into  the  eye,  It  should 
be  flushed  out  Immediately  with  water  (A3). 

Por  materiel  and  areas,  in  the  case  of  liquid  contamination, 
aeration,  hot  soapy  water,  bleach  slurry,  and  solutions  of  commer¬ 
cially  available  alkalis,  such  as  caustic  soda  and  soda  ash  (A 2). 
in  confined  areas,  steam  and  ammonia  aro  effective  (Al). 
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SECONDARY  SOURCES  OF  INFORMATION  ON  GF 


Readers  deilrlng  Information  on  GF  which  ii  beyond  the  icope  of  thit 
document  may  find  the  following  works  of  great  value. 

With  Bibliography 

CRLR  164  (revised)  (1054) 

ETF  100, 25  (1048) 

ETF  107-3  (1048) 

ETF  550B-8377  (1051) 

M  DR  150  (1048) 

MLSR  23  (1053) 

Porton  Memo.  35  (1050) 

TCIR  481  (1040) 

TCR  36  (1940) 
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SAU&2AX  s 


NAME.  FORMULA.  MOLECULAR  WEIGHT 


loanph' 


Nona 


Sum  maty 


1 .  Tachnlc al  ntma i 


Cyclohaxyl  mathylphoiphonofluorldata  or 
Cycloha  xyloxyfluoromathylphoiphlna  Ox  Ida 


2.  Common  namat 


Cyclohaxyl  mathylphoiphonofluorldata 


3.  Chamlcal  formula! 


4.  Molecular  walght; 


180. 14 


CH2  —  CHa 

I  V 


C7H14FOaP  or  CHj  -  F-O— CH 


CHj  -  CH, 


C .  Dlicu  1 1 1  o  n 


Thli  compound  may  alio  ba  found  in  tha  claiilfiad  literature 
undar  the  following  coda  numbam 

rA  1212 

T-2136  (Britain) 


SECRET 


4.  01 


SECRET 


GP-  3 


CATEGORY  3 

PHYSIOLOGICAL  ACTION.  TACTICA  L  USE.  STATUS 
RUSSIAN  INTEREST 


A.  Bibliography 

1.  ETP  6 5 0 R -  1  1  20  (1962) 

2.  CRLR  199  (  1963) 

B.  Summary 

1.  Physiological  action: 

Nerve  gai 

2.  Tactical  uie  : 

GF  may  be  used  at  a  non- perilitent  tpray  or  penlitent  ground 
contaminant.  It  li  very  effective  In  producing  Immediate 
casualties. 

3.  Status: 

None 

4.  Russian  interest: 

Whether  the  Russians  are  interested  specifically  In  this  agent 
Is  not  known.  There  Is  good  reason  to  believe  that  rhey  are 
engaged  In  nerve  gat  research  at  the  present  time,  however,  and 
probably  have  tome  knowledge  of  this  and  many  other  similar 
com  pounds. 
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PHYSICAL  STATE.  MELTING  P_glNJ .  BQ1U.N.S  POINT 
A '  Bibliography  t nd  Data 

1.  T  DM  R  1293  (1947) 

FP  between  -30°  and  -60°C 

2.  Chief,  Chemical  Divliion,  CmlC  Chemical  and  Radiological  Labora- 
torlet,  Bi  -  Weekly  Report,  Period  Ending  21  March  19S2,  Project 
4-08-03-006. 

FP  below  -  30°C  (metaitable  form) 

MP  «  -  12°C 

B.  Summary  o f  Data  and  Selected  V alue i 

1.  Physical  state: 

Pure  GF  Is  a  colorless  liquid  of  low  volatility  at  room  temperture. 

2.  Melting  point: 

-  1 2°C  (  1 0° F) 

Freezing  point  Is  below  -30°C  (-22°F).  When  GF  Is  cooled  below 
this  temperature,  a  metaitable,  crystalline  form  fieezes  out 
which, upon  long  standing,  slowly  converts  Into  a  stable  form 
melting  at  -12'arC.  So  far,  the  stable  form  has  never  been 
obtained  directly  upon  cooling  (A2). 

3.  Normal  boiling  point: 

Compound  begins  to  decompose  rapidly  at  about  1  8 0°C  ( 30 0° F) . 
Theoretical  BP:  about  200°C  (390°F)  (obtained  by  extrapolation 
of  vapor  pressure  data). 
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LIQUID  DENSITY 


Bibliography  and  Data 


1.  TDMR  1292  (1947) 

d  ~  1.  1428  g/cm3  at  10°C 
1.  1278  g/cm3  at  28°C 
1.1179  g/cm3  at  38°C 
1.1031  g/cm3  at  80°C 

2.  Chief,  Chemical  Dlvitlon,  CmIC  Chemical  and  Radiological  Labora¬ 
tories  Bi-Wrkly  Report,  Period  Ending  21  March  1962,  Project 
4-08-03-006. 

d  —  1,  126  g/cm3  at  26°C 
1.  118  g/cm3  at  3 6°C 
1.101  g/cm3  at  80°C 

3.  ETF  6 50 Ca  -  1116  (1950) 

Data  on  the  density  of  various  GP/ethane  mixtures  may  be  found 
In  this  report. 

Selected  Values 

Liquid  density! 

(1)  1.19  g/cm3  at  -  40  °C  (-40°P) 

,  I  «  ,  M  .  A  3  «  0  „  A  O  nv 


(2)  1.153  g/cm 

(3)  1.133  g/cm 

(4)  1.  082  g/cm 


0  C  (  3  2  °  F) 
20  °C  (  6  8 0  F) 
7  1°C  ( 1  8 0 °  F) 


PJi.mnl9n 


TDMR  129  2  appears  to  contain  the  best  data  available  on  the 
density  of  GF.  These  data  were  plotted  on  a  de  nsl  t  y  -  te  m  per  a  t  ur  e 
graph  and  values  ( B 1 )  through  (B4)  were  obtained  either  by  Inter¬ 
polation  or  extrapolation.  Although  the  data  are  given  in  the 
original  report  to  five  significant  figures,  they  are  not  considered 
by  the  authors  to  be  accurate  to  more  than  four.  The  values  In 
paragraph  B,  excepting  (61/  are  given  to  four  significant  figures, 
therefore.  Value  ( B 1  >  was  obtained  by  extrapolating  the  data  over 
a  temperature  range  of  fifty  degrees.  An  extrapolation  of  this 
magnitude  was  nt  .^nsldered  possible  without  introducing  apprecl- 
able  error  Into  the  fourth  significant  figure  of  the  value. 
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A. 


B. 
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8-Qmikm  ORGANIC  SOLVENTS 
Bibliography  and  Data 

ETP  650Ca  -  1 1 1 6  (1960) 

ETP  6  60  C  a  - 1160/1  June  1949  to  31  May  1960 
GF/ethane 
Summary  o f  Data 

The  lolubility  of  GF  in  organic  tolvanti  it  probably  very 
ilmllar  to  that  of  GB. 
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GF-7 


s-gLumm  in  waxer 

Bibliography  a njd  Data 

Second  Ind,  CMLRE-CR  (CP),  Proj  4-  08-  03-  006,  CmlC  Cm!  and  Rad 
Labi  to  CmlC  Research  and  Engineering  Command,  12  June  1062, 
tubjecti  "Water  solubility  of  G-agenti,"  on  letter,  CMLEK-A, 
Chemical  Corpi  Board,  29  April  1962, 

Solubility  -  6 ,  1  g  GF/lOOg  of  lolution  at  0°C 
3.7g  GF/lOOg  of  lolution  at  20°C 

Summary  of  Data 

The  solubility  of  GF  in  water  li  37g  GF/lOOOg  solution  at 
20°C  («8°F), 
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mpomij 


A.  Bibliography  and  Data 

TCIR  303  (1947) 

TCIR  4SS  (1940) 

At  2fi°Ci  k  0.232  per  hour  at  pH  2 

tl/2  «  42  houn  (no  pH  ipaclfled) 

I.  SoUottd  Value 

At  26°C  (  7  7 0  F) ,  the  Half-life  of  hydrolyili  of  GF  li  42  houri 
(no  pH  specified), 

C .  Dlicuiiton 


The  rate  of  hydrolyili  of  GF  li  variable  with  pH.  GF  hydrolyses 
with  the  elimination  of  hydrofluoric  acid. 


i 
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CATEGORY  9 

BH  ■  1 1  W  ■ 

HJUPJi  01  H1AI  KHP  WJL&I 

A.  Bibliography 

Porton  Technical  Paper  268  (1961) 

B .  Summary 

The  thermal  dccompoiltion  of  GF  it  itmtlar  to  that  of  GB.  On 
heating  to  about  150°C  (  300°F)  GF  pyrolyzes  to  methyl  fluorophos- 
phtnlc  acid,  cyclohexane,  methyi  phoiphonyl  dlfluoride,  and  other 
product*.  Decomposition  li  complete  within  about  two  hours. 

No  data  found  on  Its  stability  to  explosive  dissemination, 
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IZAIUJLXJ  IHSXOMGE,  ACTION  METALS 
Bibliography 
None 
Summary 

The  itabiliaation  of  GF  in  storage  could  probably  be  accomplished 
by  the  tame  method  that  ii  uiad  for  GB. 
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LAXfiiil  UlAi  fi£  Vaporization 
Bibliography  and  Data 

Porton  Technical  Paper  341  (1953) 

AHVap  “15.3  keal/mol  at  26°C 
B.  Selected  Value 

Latent  heat  of  vaporieatlon  at  20°C  (88°F)! 
15,  3  keal/mol  (85.  0  cal/g) 

C>  i>il£,ytll9H 


The  v*lu*'  ln  P»regraph  B  li  given  at  20°C  for  the  take  of 

18  in™  31°C  Actually  rep, ......  the  average  aH  of  GP  between 

15  end  31  C  (  category  13,  p.r,  a  ,  item  fl). 
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RlU.liVE  VAE-Q*  QtttSliy 


A ,  Bibliography 

None 

B.  SjlBCiCd  Value 

Relative  vapor  density:  6,23  (theoretical  value) 


*Kelative  vapor  density 


density  of  vapor  at  T  and  P 
density  of  air  a!  1'  and  P 
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VAPOR  PRESSURE 


GP-  13 


A  .  Blbllograph y  iu>d  Data 
1.  TDMH  1292  (1947) 

Tranlforence  method  uied.  Compound  proved  to  be  to  unstable 
In  the  apparatus  that  the  experiment  had  to  be  discontinued  after 
the  following  data  were  obtained. 

p  -  0.066  mm  Hg  at  26°C 
0,  064  mm  Hg  a'  26°C 
0.040  mm  Hg  at  26°C 


The 


following  value  obtained  by  vacuum  distillation  it  also  given 


P  '■  2.  6  mm  Hg  at  63°  to  64°C 


2.  TDMR  1114  (1947) 

p  •  3  mm  Hg  at  82°C 


3.  Porton  Technical  Paper  99  (1949) 

P  »  1.5  mm  Hg  at  71°C 

4.  SO/R/803  (1951) 


ft.  Porton  Te 


6. 


p  =  4  mm  Hg  at  85°C 

tchnlcal  Paper  336  (1953) 

Sample  contained  radioactive  phosphorous  (P32)- 

p  »  1  mm  Hg  at  80°C 

Porton  Technical  Papor  341  (1953) 

By  effusion  manometer  - 

p:  from  0.026  mm  Hg  at  16°C 

to  0.105  mm  Hg  at  3 1 u  C  (6  determinations) 
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0. 


The  following  equation  wai  derived  from  the  above  data  by  the  method 
of  lean  iquarei: 


log  p 


io. oea 


3347 

T 


(range:  15°  to  31°C) 
(273.  2°K  -  0.  0°C 


Selected  Valuer 

Vapor  pressure: 


(1) 

0. 

0063 

mm 

Hg 

at 

0°C 

(  32°P) 

(2) 

0. 

044 

mm 

Hg 

at 

20  °C 

(  e8°P) 

(3) 

0. 

66 

mm 

Hg 

at 

6  2°C 

( 1  25°  P) 

(4) 

2. 

2 

mm 

Hg 

at 

71°C 

( 1 60  0  P) 

C .  Dlicmilon 


Porion  Technical  Paper  341  (A8)  contain  the  only  preciie  vapor 
pressure  data  on  GP  that  are  available.  Values  ( B 1 )  through  (B4)  were 
calculated  from  the  following  equation  which  was  derived  from  the 
data  of  this  report  by  the  method  of  least  squares  (A6). 


log  pa  10,062 


3347 

T 


(range:  18°  to  31°C) 
(273.  2°K-»  0,  0 °C) 


All  of  the  values  selected,  excepting  s.i),  were  obtained  by  extra¬ 
polation  of  the  data.  Value  (B4)  is  probably  the  least  accurate  of 
the  four  due  to  the  la'ge  extrapolation  (forty  degrees)  Involved  in 
its  calculation. 

Values  were  not  obtained  at  temperatures  below  0°C  because  of 
the  lack  of  data. 
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VOLATILITY  JU*  4 1 M Q {LPJilBiC  AUL 


A .  Bibliography 

None 

B.  VjltiU, 


Volatility  In  atmoipherlc  air: 


(1) 

0. 

067 

X 

103 

m  g  /  rr. 3 

at 

0°C 

(  32°P) 

(0. 0063 

mm 

Hg) 

(2) 

0. 

43 

X 

103 

mg/m3 

at 

20°C 

(  68°F) 

(0. 044 

m  m 

Hg) 

(3) 

s. 

0 

X 

103 

mg/m3 

at 

52°C 

(126°P) 

(0.  56 

mm 

Hg) 

<  4) 

is 

X 

103 

mg/m3 

at 

7 1°C 

(160°F) 

(2.  2 

mm 

Hg) 

( 


\ 
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ODOR  AND  MEDIA N  DETECTABLE  CONCENTRATION 
A  •  Bibliography 

ETP  560*611/7  (1952) 

B.  Plicmilon 

1.  No  data  on  tha  odor  of  GF. 

2.  Tha  madlan  datactabla  concantratlon  li  similar  to  that  of  GB 
(16  mg/m3). 
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CATEGORY  18 

TOXICITY  BY  INHALATION 

No  d « 1 4  available  . 
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available. 
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SKIN  TOXICITY  AND  CLOTHING  PENETRATION 

A.  Bibliography 

1.  Chemical  Corpi  Board  Study  13*62  (1962) 

2.  MLRR  1  19  (1953) 

B.  01  reunion 

1 .  For  vapor  GF: 

LCtgQ  16,000  mg.mtn/m3 
I CtgQ  8,000  mg.min/m3 

2.  For  liquid  GF; 

LDfi0  =■  0.  14  gm/70  Kg  man  (naked) 

LDjj  «  0.  84  gm/70  Kg  man  (tingle  layer  HBT) 

No  data  on  ID80  for  liquid  GF. 

3.  GF  doei  not  affect  the  ikin  but  when  it  it  absorbed,  it  polioni  the 
lyitam, 

4.  Bated  on  pig  data,  an  LD#0  would  require  an  air*tpray  ground  contami¬ 
nation  of  8  g/m2  for  matked  troopi  by  ikin  abiorptlon.  Protection 
afforded  by  a  tingle-layer  HBT  cloth  covering  on  plgt  wat  tix-fold 
against  liquid  GF. 
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cATitf.qjg-20 


GF-  20 


No  data  found. 


Of  AjCJJJifl 
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CATEGORY  pi 


P_g  TOXIC  AT  ION  IN  THE  BODY 

No  data  found. 
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MEDICAL  PLPUGIIO  OEL  FIRS!  A1P  MIAMM* 

A .  Bibliography 

TM  8-  286,  Treatment  of  Chemical  Warfare  Caiualtlei 

B .  Dlicun  1  o  n 


In  the  treatment  of  GF  caiualtlei,  ipeed  of  treatment  li  of  the 
aiience.  Caiualtlei  ihould  be  removed  from  poiilbility  of  further 
contamination  If  poulble  and  given  an  immediate  Injection  of 
atropine  and  mbjected  to  artificial  reiuicitation.  Preient  thought 
li  that  atropine  Injection  alone,  while  helpful  In  caiei  of  mild 
expoiure,  li  of  little  value  In  more  levere  expoiure  union  artificial 
reiuicitation  li  applied.  Either  of  theie  treatmenti  alone  li  helpful 
but  the  combination  of  the  two  hai  more  than  the  additive  value. 
Thorough  familiarisation  with  the  lubject  In  reference  TM  8*286 
li  itrongly  recommended. 
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DETECTION 


Bibliography 

1.  Initructiom  •  Kit,  Chemical  Agent  Analyser,  M10A1,  Uie  of 
(27  April  1954). 

2.  Initructiom  *  Kit,  Chemical  Agent  Detector,  M9A2. 

3.  Initructiom  -  Kit,  Water  Teitlng,  Poliom  M-2  (14  July  1952). 

4.  TM  3*290,  Individual  Protective  and  Detection  Equipment. 

6.  TM  8-  286,  Treatment  of  Chemical  Warfare  Caiualtlei. 
Summary 


Objectively,  CP  li  detected  byi 

(1)  Detector  kit  (M9A2).  A  greenlih  -  b  lue  ring  appear!  In  white 
dot  tube  after  wetting  with  tolutlon  from  green  top  bottle.  (Note; 
Thli  li  a  general  teit  and  will  be  poiltlve  for  G-agenti  and/or 
CK)  (  A  2) . 

(2)  Analyser  kit  (M10A1).  The  itandard  teit  (Al)  which  contain! 
gianulei  from  a  white  dot  tube  which  are  treated  flrit  with  a 
tolutlon  of  O-DN  and  then  a  tolutlon  of  PliR.  An  orange  or  amber 
color  in  the  tolutlon  Indicatai  the  pretence  of  C-agenti  (or  CK). 

(3)  Water  teitlng  and  icreening  (AN-M2).  Nerve  gaiei  are 
detected  by  a  color  reaction  and  extraction  of  the  color  by  an 
ImmitCible  tolvent  (A  5). 

(4)  Water  teitlng  kit,  poliom  (M4).  Thli  kit  enablei  quantita¬ 
tive  determination  of  G-agenti  (A3). 

(6)  Food  teitlng  and  icreening  (ABC-M3).  The  nerve  gaiei  are 
Identified  by  their  reaction  with  two  ipeclal  chemlcali  to  produce 
an  orange  or  yellow  color  (A5). 

(6)  Veiicant  detector  crayon  (M7,  M7A1).  Dropi  of  liquid 
G-agent  cause  pink  crayon  markings  or  duit  to  turn  yellow  (A4). 

(7)  Liquid  veiicant  detector  paint  (MS).  Surfacci  painted  with 
detector  paint  ihow  a  change  In  color  front  olive  green  to  red 
when  contaminated  by  dropi  or  iplaibei  of  G-agenti  (A4). 
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(8)  Liquid  vesicant  detector  paper  (M8)  (A4). 

Subjectively,  GF  it  detected  b y t 

(1)  Phyeical  appearance  -  colorlen  liquid  vaporising  to  form 
colorlen  gat, 

(2)  Phyilologic  al  tymptomi  -  vapors  may  cauie  nautea,  vomiting, 
and  diarrhea  followed  by  muscular  twitching  and  convulsion?. 

Even  in  low  concentration!,  vapor  causes  pupils  to  contract,  and 
vision  becomes  difficult  in  dim  light  and  headache  may  result. 

A  tense  of  tightness  in  the  chert  may  be  noticed.  Contraction 
of  the  pupils  may  not  appear  at  a  warning  sign  of  liquid  pene¬ 
tration  ( A4  ,  A6) . 


( 
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PROTECTION 


A. 


Bibliography 


1. 


2. 


3. 


TM  3-216, 
TM  3-280, 
TM  8-  286, 


Military  Chemlitry  and  Chemical  Agcnti. 
Individual  Protective  and  Detection  Equipment. 
Treatment  of  Chemical  Warfare  Caiualtiet. 


B.  Summary 


Protection  agalnit  OF  may  be  afforded  by  the  uie  of  the  protective 
mark.  Impermeable  protective  clothing  la  required  for  protection 
agalnit  liquid  G-agenti  (A1.A3).  Protective  dubbing  liaise  used  (A2). 
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DECONTAMINATION 


Bibliography 


1. 


2. 


3. 


TM  3-216, 
TM  3-  220, 
TM  8-  285, 


Military  Chcmlitry  and  Chemical  Agenti. 
Decontamination. 

Treatment  of  Chemical  Warfare  Caiualtlei. 


Summary 


I'or  personnel,  soap  and  water  rather  than  protective  ointment 
arc  used  for  removal  of  liquid  contamination,  Immediate  and 
thorough  action  Is  necessary  In  removing  nerve  gases  (A2).  The 
following  fluids  are  more  satisfactory  than  soap  and  water  and 
should  be  used  If  available: 

(1)  A  slurry  of  one  part  bleach  In  three  parts  of  water. 

(2)  A  five  to  ten  per  cent  solution  of  sodium  carbonate. 

(3)  A  five  to  ten  per  cent  solution  of  ammonium  hydroxide. 

(4)  A  two  per  cent  solution  of  sodium  hydroxide. 

If  water  alone  Is  available,  blot  the  excess  liquid  off  the  skin, 

then  soak  a  fresh  cloth  with  water  and  scrub  the  area  turning 

the  cloth  with  each  bit  of  scrubbing  to  expose  a  clean  surface. 

If  a  splash  of  liquid  nerve  gat  should  get  Into  the  eye,  It  should 

be  flushed  our  Immediately  with  water  (A3). 

For  materiel  and  areas,  in  the  case  of  liquid  contamination, 
aeration,  hot  soapy  water,  bleach  slurry,  and  solutions  of  commer¬ 
cially  available  alkalis,  such  at  caustic  soda  and  soa  ash  (A2). 
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Symbol 


Taohr'.eal  Name,  Cammot  Raw, 
formula  and  Molecular  Weight 


3 


Phya lologlcal  Action,  Tactical  Uee, 
Htatua,  Ruaelan  Intaraat 


3A 


Ethyl  dlnethylphoaphoremldo- 
cyanldata 

Oyenodlmathylamlnoethoxy- 
phoephlna  ox Ida 
Tabun 


CE,  Of 


CjHj 


Nerve  goa 

Uaually  employed  at  a  nonparala- 
tant  apray  or  paralatant  ground 
contaminant.  It  la  vary  affao- 
tlva  In  producing  lamed*  ate 
caaualtlaa. 

Limited  Standard 

Ruaalana  have  great  intaraat  In 


168.  l'j 


GA  aa  a  warfare  agent. 


OB 


Iaopropyl  aethylphoaphono- 
fluoridate 

Fluorolaopropoxymethyl- 
phoaphlna  oxide 


Sarin 

I 

CB 

1 

1 

C«3  -  P  -  0 

-  Cl 
1 

0 

Cl 

1  It*  1 1 

3 

3 


Narva  gaa 

Uaually  dlaaaalnatad  aa  a  non- 
para  latent  apray.  It  la  vary 
effective  In  producing  Immediate 
caaualtlaa . 

Standard 

Ruaalana  have  grant  Intaraat  In 
OB  aa  a  warfare  agant. 


OS 


1 ,2 ,2-Tr laathylpropylaathyl 
phoaphonof luor ldata 
Fluor oaa thylplnacolyloxy - 
phoaphlna  oxide 


Soman 

F  CH-i  cn, 

I  I  3  I  3 

CHv  -  F  OCH  —  C  -  CHi 

J  II  I 

o  cn, 

102.16 


Narva  gaa 

Uaually  aaployed  aa  a  nonpar* la¬ 
tent  apray  for  paralatant  ground 
contaalnant.  It  la  very  affec¬ 
tive  In  producing  laaedtate 
caaualtlaa. 

None 

Ruaalana  probably  have  knowledge 
of  thle  agent.  Vfhathar  or  not 
they  have  thla  agent  In  produc¬ 
tion  is  not  known. 


CF 


Cyclohexyl  osthylphoaphono- 
f  luor  1  date 

Cyolohaxyloxy f luor oma thy 1- 
phoaphtna  oxide. 

Cyolohaxyl  methyl  phoephono- 
fluorldate 

F  CHo  -  Clip 

i  »  \ 

CE,  •  P  -  0  -  CH  C«fc 

H  I  / 

o  cn<j  “  cHe 


Narva  gna 

Uaually  aaployed  aa  a  ncnperala- 
tent  apray  or  paralatant.  ground 
contaminant.  It  ta  vary  effao- 
tlva  In  producing  liaeedlate 
caaualtlaa . 

None 

Whether  the  Ruaalana  are  Interact¬ 
ed  apaclftcally  In  thla  agent  ta 
not  known . 


ieo.iu 


NERVE  GASES 


It 

5 

6 

7 

Fhyaloal  Stata  at  Roam  Temperature, 
Malting  Point,  Bolling  Point 

Liquid  Sanalty  in  g/om3 

Solubility  In  OrgAnlo 
Solvanta 

Solubility  In  Water 

Colorlaaa  liquid  of  low 
volatility 

fp  •  -je0*1 

BP  :  ItJO0  to  l*65°P 

1.139  at  -hO°P 

1.100  at  M°P 

1.080  at  68°f 

1.031  at  160°P 

ReAdlly  aolubla  In 
Almoat  all  common 
organ lo  aolvanta. 

72g  OA/lOOOg. 
aolutlon  at  68°P. 

OA  of  plant  purltyi 

OA  of  plant  purltyi 

Amber  to  brown  In  oolor 

FP  «  -X)0! 

1.09  to  1.11  at  32°T 
1.07  to  1.09  *t  68°P 

, 

Colorlaaa  liquid  of  low 
voletlllty 

HP  «  -69°P 

1.16  at  40°f 

1.118  at  32°p 

1.09?  at  68°P 

1.034  at  160®P 

Readily  aolubla  In 
almoat  all  common 
organlo  aolvanta. 

OB  la  0  cap  lately 
mlaolble  with 
water. 

BP-:  305°f  (with  decempoattlon) 

OB  of  plant,  purltyi 

OB  of  plant  purltyi 

1.12  to  1.1?  *t  32 °P 
1.09  to  1.10  At  68°P 

Same  appearance  aa  the  pure 

compound. 

MP  •  below  -69flF 

Colorlaaa  liquid  of  low 
volatr 

FP  not  readily  determinable 

1.08  At  -ttO°P 

1.0b6  at  32 °P 

1.027  at  68°P 

0.980  at  160°P 

The  aolublllty  of  00 

In  organlo  aolvanta 
la  probably  very  alm- 
llar  to  that  of  OB. 

21g  OD/lOOOg. 
aolutlon  at  68°P. 

BP  «  S:o°  to  2U0o  (theoretical) 

1 

Colorlaaa  liquid  or  low 
volatility. 

r?  :  10°F 

1.19  at  -hO°P 

1.153  at  32°P 

1.133  At  68®P 

1.088  ot  160°P 

The  aolublllty  of  OP 
in  organic  aolvanta 
la  probably  vary  alm- 
llar  to  that  of  OB. 

37*  OP/lOOOg. 
aolutlon  at  68°* 

r?  =  io°f 

HP  =  t90°F 


NERVE  GASES 


r~  ^ 

7 

6  ~  ““T 

9 

10 

11 

12 

lublllty  In  Organic 
Solvents 

••411/  soluble  in 

‘ganlo  solvents. 

Solubility  in  Vatar 

72g  OA/lOOOg. 
aolutlon  at  68°F. 

Bata  of  Qydrolysln 

At  6fl°P  and  pa  7.0,  tha 
half-life  of  hydrolyaia 
of  OA  la  8.5  hour*.  CA 
raaota  alowly  with  watar 
and  fairly  rapidly  with 
atrong  alkali,  with  aalf- 
buffering  at  pH  4.5. 

Iffrcta  of  Haat  and  Bleat 

0A  la  tnflsmasble  In  air.  Ita 
eloaad-up  flaah  point  in  atmoa- 
pharlc  air  ( 760  an  Hg)  la  172°. 

Decoaipoaltlon  taka*  place  with¬ 
in  throe  hour*  at  300°F. 

OA  undergo**  considerable  de- 
ccarpoaltlon  when  diaaemlnated 
explosively  or  diaaemlnated  by 
thermal  generation. 

Qteblllty  In  Storage,  Action  on 

Metals 

OA  Is  atabls  In  stssl  for  ssvsrsl 
yssra  but  has  bssn  found  to  under¬ 
go  complsts  dscoaiposltion  within 
thres  months  at  150°F. 

Tha  corrosion  rats  of  OA  cai  steel 
has  bssn  found  to  bs  3. 4x10"^ 
lnehsa  penetration  per  month  at 
150°F. 

Latent  Haat  of 
Vapor  1  ia  t  loti 

16  kcal/mol 
( LOO  eal/g)  at 
'i8°F. 

Relatlva  Vapor 
Density 

5 >60  ( theo¬ 
retical  value) 

aadlly  aolubla  in 
lmcat  aXl  com  on 
rgante  solvents. 

OB  ia  completely 
alaolbXa  with 
vatar. 

At  7 7_0F  and  pH  7.5  tha 
half-Ilf*  of  hydrolyaia 
c*  OB  la  23  hour*.  Tha 
rata  of  hydrolyaia  of  OB 
la  variable  with  pH  and 
eonoantratlon .  OB  hydro* 
lyta*  with  tha  elimina¬ 
tion  of  hydrof luorlo 
acid. 

Decomposition  *  f  OB  la  complete 
within  two  and  one -ha If  hour* 
at  about  300°F. 

OB  decompose*  roughly  to  tha 
extant  of  about  100  when  dis¬ 
seminated  explosively  and 
about  30 i  when  disseminated 
by  thermal  generation. 

H 

Trl-n-butyl  and  trlethylamlne 
■ppear  to  be  about  equally  effec¬ 
tive  *e  eteblllxere  for  OB.  Thus 
■tablllied  It  may  be  stored  In 
steal  for  long  periods  of  tlas  at 
tamper aturaa  up  to  l60°F  with  not 
mors  than  5  to  lOJl  dacompoaltlon 
and  no  appreciable  corrosion. 

The  dacoapoattlon  of  unatabllltad 
OB  1*  not  appreciably  greater 
than  that  of  stabtllxed  OB. 

11.9  kcal/mol 
(85.0  cal/g)  at 
68»F. 

11.1  kcal/mol 
(79.3  eal/g) 
bat.  an  113” 
and  i76°T. 

4.84  (theo¬ 
retical  value) 

ba  aelublltty  at  OD 
,a  organic  solvents 
la  probably  vary  ala* 
IXar  to  that  of  Ok. 

2Xg  OD/lOOOg. 
aolutlon  at  68°F. 

At  77°F  and  pH  6.65,  the 
half-lira  of  hydrolyaia 
of  OD  la  45  hour*.  Tha 
rat*  of  hydrolyaia  la 
variable  with  pH,  OD  hy- 
drolyaaa  with  tha  elimi¬ 
nation  of  hydrofluoric 
acid.  In  5?  aodlum  hy¬ 
droxide  aolutlon,  hy¬ 
drolyaia  vaa  comp l.at*  In 
laaa  than  five  minute*. 

On  heating  CD  to  about  300°F, 

It  pyrolytsa  Into  methyl 
fluorophoephlnlc  acid  and  lso- 
haxylen* . 

Ho  data  found  on  its  stability 
to  explosive  dissemination , 

Tha  etebllltatlon  of  OD  In  stor¬ 
age  could  probebly  bs  acccaipllahad 
by  tha  asms  method  that  Is  uasd 
for  OB. 

14.3  kcal/mol 
( 78.6  cal/g)  at 
68°r, 

6.3O  (theo¬ 
retical  valua) 

Tbe  solubility  of  OF 
in  organic  aolvsnts 
ic  probably  vary  ala- 
Uar  to  that  of  OB. 

37a  a/A000*- 

aolutlon  at  68  ' 

At  77°F,  the  half-life  of 
hydrolyaia  of  Of  la  42 
hour*  (no  pH  apaMflcd). 

OF  hydrolyta*  with  the 
elimination  of  hydro- 
fluarlo  eold. 

Decomposition  taken  place  with¬ 
in  two  hours  «t  300°F.  OF  pjrro- 
lyzes  to  methyl  fluorophos- 
phlntc  acid,  cyclohexane, 
methyl  phoaphonyl  dtfluorlde 
and  other  proilucta. 

The  etabtlliatlon  of  OF  In  etor- 
*g*  could  probably  b*  accomp¬ 
lished  by  tha  aama  method  that  la 
uaad  for  OB . 

15.3  kcal/mol 
(85 .0  cal/g)  at 
68°F. 

6.23  (theo¬ 
retical  value) 

No  data  found  on  Its  stability 
to  explosive  dlaeemtnatton . 

! 

SECRET 


J 


Vapor  Preaaure 


Odor  and  Median 
Detectable  Concentration 


Volatility  In  Atagepherlc  Air 
In  »g/m’ 


0.006  mm  Eg  it  32  r 
0.037  mlDit  68°? 
0.4  m  Hg  at  12d°? 
2  n  Ig  it  160°? 


0.06x10^  et  32°!'  (0.006  m  Eg) 
0.33*103  at  68°f  (0.037  «m  Eg) 
3  *103  at  12?°?(0.4  mi  Eg) 

10  *io3  at  i6o°r(a  db  Eg) 


0.010 

on 

Eg 

•  t 

-uo°? 

0. 0096x10!* 

at 

0.096 

ns 

Eg 

at 

o°? 

0.084 

*10* 

at 

0.41* 

an 

Eg 

at 

32°? 

0.36 

*l°j? 

at 

1.96 

am 

Eg 

at 

68°? 

1.30 

at 

13*4 

fSQ 

Hg 

at 

123°? 

9.23 

*iofc 

at 

33.? 

nr 

Hg 

at 

l£0°? 

23.1 

xlO* 

at 

0.034 

0.20 

2.2 

7-9 


Eg  at  32°T 
Kg  at  68°? 
Eg  at  12?°? 
Eg  at  160°? 


0.36*103  at 
2.0  *103  at 
20  *10]  at 
63  xlo3  at 


5?°r  (0.034 

M°T  (O.Sb 

123°?  (i-.a 
i6o°r  (7.9 


O.OO63  mm  Hg  at  jS°? 

0.044  m  Eg  at  60°? 

0,36  on  Hg  at  123°? 

2.2  on  Eg  at  160°? 


0.06r«l03  at  32°? 
O.I.3  *10  at  60°? 
3,0  *103  x^Of 

lfl  *10’  at  160°? 


IO.OO63  mi  Eg) 
O.OUU  KB  Eg  I 

0.36  on  Bgh 
2.2  on  Eg) 


L 


SECRET 


?rulty  or  avaat  odor. 

Madlan  detectable  concentra¬ 
tion  la  2.7  mg/a’  by  odor. 


Scarcely  detectable  by  odor. 

Median  detectable  concentra¬ 
tion  la  16  by  odor. 


Sveet,  fruity,  o *■  auaty  odor . 

Madlan  detea table  concentre, 
tlon  la  7  b*/b3. 


Ho  data  on  odor  of  Of. 

Median  dev  stable  concentra¬ 
tion  la  alallar  to  that  of 
OH. 


16 


Toxicity 
by  Inhalation 


Median  lethal  exposure 
la  390  Bg  Bin/«3  far  10 
Bln  exposure. 


Median  Incapacitating 
exposure  la  100  Bg 


ml  ri/a J  for  a  10  Blnute 
expoaure.  O-e^nta 
cauae  strangulation  by 
bronchial  constriction. 


JL 


Eye  Toxicity 


Agent  la  toxic  to  eyea. 
Vapor  cauaea  pupil  of 
eye  to  contract. 


18 

Oral  Toxicity 


Eo  human  data 


19 


Okln  Toxicity  and 
Clothing  Penetration 


Body  expoaure  (vapor) 1 
Incepaoltstlon  at  12,000 
Bg  aln/a3|  median  lethal 
expoaure  la  20,000  Bg 
Btn/u3.  skin  contest na¬ 
tion  ( liquid) 1  Median 
lethal  doaeage  la  0.2j 
ga/70  kg  man  (eatlmated 
from  animal  date).  One 
drop  on  akin  vlll  cauaa 
death  of  man  In  a  ehort 
time, 


Lethal  expoaure  1 

100  Bg  mtn/B3  for  a 
reetlng  man  (2  to  10 
mlnutea). 

Incapacitation! 

1?  to  40  mg  Bln/B3. 
tnhalctton  cauaea  atren- 
gulatlan  due  to  bron- 
ohlel  coratr lotion . 

3.3  mg/70  kg  man  of 
liquid  In  eye  consti¬ 
tutes  a  lethal  doan  for 
man.  Vapor  In  low  con¬ 
centrations  cauaea  the 
pupil  of  the  eye  to 
contract. 

Madlan  lethal 
doaagr  of  9.0 
Bg/70kg  man 
carrlea  cumula¬ 
tive  effects 
which  laat  for 
daya. 

Vapor  1  Incepaoltstlon  at 
8,000  Bg  mln/n3  In  tem¬ 
perate  conditions)  lethal 
expoaure  equals  13,000 
ag  mln^*3  in  temperate 
conditions.  Liquid!  In 
temperate  conditions, 
lethal  expoeure  equals 

1.3  gm/70  kg  man.  Liquid 
dose  does  not  Injure 
akin  but  pnnatrstea 
rapidly  and  po.eono  the 
body. 

■ 

3 

5 

Medial  lethal  expoaure 
far  00  la  about  100 
sore  toxic  than  OB.  In¬ 
halation  cauaea  stran¬ 
gulation  due  to  bron¬ 
chial  constriction. 

No  date  found. 

No  human  data. 

Agent  la  highly  toxic  by 
akin  absorption.  Liquid 
doea  not  Injure  the  skin 
but  polaona  the  body. 

i 

1 

No  data  found. 

No  data  found. 

No  human  data. 

Vepwi  Same  as  for  OB. 
Liquid!  lethal  dosage 
equals  0.14  gB/70  kg  man 
(naked),  0.84  0i/7O  kg 

Ban  (single  layer  EBT). 

\  \ 


- 
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Detoxication 
In  the  Body 


■kin  Toxlelty  and 
Clothing  Penetration 

Body  iiyorat  (vapor) t 
Xnoe pa citation  at  IS  ,000 
■4  nln/n3|  nedlan  lethal 
e«p<Mura  la  SO, 000  ag 
minfnfl .  Skin  oootanlne- 
tton  ( liquid) i  Median 
lathal  daaccge  la  0.B3 
§&fJQ  kg  nan  (aatlaatad 
fron  enlnal  data).  Ona 
drop  on  akin  will  eauaa 
daath  of  nan  In  a  abort 

tlM. 


t  »»*  ttan 


Taralnttlon  of  expo- 
•ura,  atropine  ad* 
nlnlatratlon,  reaua- 
oltatlon,  and  uaa  of 
entl-ucnvulalve  druga 


M9A2  dataator  kit  t 
K10A1  analyaar  kit) 
ekloranlB e*T  with  a 
aolutlon  of  gonna- 
ploollna  and  phenyl 
pyreiolone.  By  eon* 
atrletlon  of  eaaat, 
than  hy  nloela. 
Solution  of  dlanlat' 
dine  and  peroxide 
ylalda  an  aranga  cr 
enter  color. 


Tary  rapid, 
daath  ueu- 
ally  within 
1  hour  aft* 

er  expoaure 


l^thyrawf- 

?M  r.  » 

»  t.wtVU 
ft  ikcatl** 

•  1 


far  famm**# '  uaa  Mi  aanyy 
attar  -  tw  *m  > wit*  *\ 
t ret#  »**  Vi** *6  a* -wry 
41  «*»  tin* It  j-  *5-  • 

t*  tatfiMi  ,*m 

end  eanoni*  era  effect t  « 


NBAS  dataator  kit | 

Ml  Oil  analyaar  klti 
aolutlon  of  dienlr** 
dine  and  p<  *rj.ida 
ylalda  en  ♦»  inr*  ur 
■artar  col” 

By  aonatrl  u«n  a*1 
ahaat,  th  >jr  nine  la 


Ui  4  print  f*  iM  »  * 

Ml  *'«  ant*  at  '  -  »■ 

lartr-uAt  >i  * 

pri  •  •«(  It*  b* 

eU*Mra*  •  •  li  * 


Detoxication 
In  nn  la  vary 
low.  It  la 
maulatlve. 


Ternlnatlon  of  expo* 
aura,  atroplna  a  da  In - 
latratlon,  raauaclta- 
tlon,  and  uaa  of  anti 
convulalva  druga. 


3,000  ag  nln/a3  in  tan* 
parata  conditional  lathal 
axpoaurataguala  13,000 
ng  mia/m3  In  t  accrete 
conditions.  D«»«tdi  Zb 
tenner* t#  3 anal t lona, 
lathal  axpoaura  equals 
1.9  ff/70  kg  mb.  Uf aid 
doaa  dona  net  Injure 
akin  hut  panatratan 
rapidly  and  palaana  the 
body. 


Agent  la  hl#ly  tonic  hy 
akin  abaerptlon.  liquid 
doaa  not  Injur*  the  akin 
but  polaoe*  the  body. 


NBAS  datac  v  -Hi 
M1QA1  anal]  r  4H| 
aolutlon  ot  lanlal* 
din*  and  f*,  Hide 
ylalda  an  iv  -s*  nr 
akbar  cole* 

By  c ana trn  m  of 
cheat.,  than  aiuelr 


lui*  egraaf 

g«*  ***iV  *t» 

tni  t*»*V  • 

pro  *e*M** 
elo  V.ia 


r*on*i*l,  **»  hot 
■~j>f  far  rente**! 

*v  *a  er**e,  uu*  Vleeoh 
lurry  »r4  dilute  »lt*ll 
•elution*  If  eanftnea 
•  re**,  ete*a  *  o*  ««*unt* 
•re  eff*  lit*. 


Ternlnatlon  of  axpo* 
aura,  atroplna  adnln- 
latratlon,  rasuaelta- 
tlon,  and  uaa  of  autt 
convulalva  drug-. 


Wo  data  found 


Ternlnatlon  of  expo- 
aura,  atroplna  adnlB' 
latratlon,  raeuacltc 
tton  and  uaa  of  anti' 
aonvulclv*  druga . 


MBAS  detect f  . 

M10A1  *n*!y*»  *<t 

aoli  tton  of  *  1  el 

dine  and  per 
ylalda  an  ar*i  •  • 
anber  color. 

By  conatrlet! 
cheat,  than  V  *t-*  » 


Taper  1  Sana  aa  for  01 
11  quid  1  lathal  doaaga 
•qu*la  O.ih  m/70  kg  1 
(naked),  0.8h  mA<>  k 
nan  (tingle  layer  IR 


for  p**re  *«*e  l ,  uee  h  t 
•onpy  v***r  far  *«i*t*a! 
i**t*d  area*  ue*  VI**  V 

•  lurry  end  *  I  let*  *14*11 
•«iuU  •■».*  tn  eenflivt 
*yeea  «t**e  *n0  enamel* 

**■#  afi'aettv*. 


REPLY  TO 
ATTENTION  OF 


DEPARTMENT  OF  THE  ARMY 
US  ARMY  RESEARCH,  DEVELOPMENT  AND  ENGINEERING  COMMAND 
EDGEWOOD  CHEMICAL  BIOLOGICAL  CENTER 
5183  BLACKHAWK  ROAD 
ABERDEEN  PROVING  GROUND,  MD  21010-5424 


RDCB-DPC-RS 


FEB  1  8  2016 


MEMORANDUM  THRU  Director,  Edgewood  Chemical  Biological  Center,  (RDCB-D/Dr. 
Joseph  L.  Corriveau),  5183  Blackhawk  Road,  Aberdeen  Proving  Ground,  Maryland  21010- 


FOR  Defense  Technical  Information  Center  (DTIC),  8725  John  J.  Kingman  Road,  Ft  Belvoir, 
VA  22060-6218 


SUBJECT:  Request  for  Change  in  Distribution 


1.  This  action  is  in  response  to  an  Edgewood  Chemical  Biological  Center  (ECBC)  internal 
request  for  a  Change  in  Distribution  for  the  attached  listed  documents. 

2.  The  listed  documents  have  current  distribution  statements  or  classifications  which  limit  their 
release.  ECBC  Subject  Matter  Experts  have  reviewed  the  documents  and  deem  them  all  suitable 
for  the  change  in  distribution  to  read  “Distribution  A:  Approved  for  public  release;  distribution 
unlimited.” 

3.  The  point  of  contact  is  Adana  Eilo,  ECBC  Security  Specialist,  (410)  436-2063  or 
adana.l.eilo.civ@mail.mil. 


Enel 


Printed  on 


Recycled  Paper 
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